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PREFACE 


The  disastrous  San  Fernando  earthquake  of  1971  was  followed  by  in- 
creased concern  over  the  seismic  safety  of  other  communities  in 
California.     In  response,  the  State  of  California  passed  legislation 
requiring  cities  to  consider  seismic  hazards  to  life  and  property 
within  their  bounds.     The  study  reported  herein  is  part  of  the  City 
of  San  Francisco's  response  to  the  new  legislation. 

This  report  consists  of  two  parts  —  Part  I:     Geologic  Evaluation 
and  Part  II:     Structural  Evaluation. 
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PURPOSE 


This  report  summarizes  the  work  of  two  seismic  studies  of  the  City  of 
San  Francisco  conducted  by  URS/John  A.  Blume  &  Associates,  Engineers, 
(JAB)  for  the  Department  of  City  Planning.     The  studies  consisted  of  a 
geologic  evaluation  and  a  structural  evaluation  of  earthquake  hazards 
within  the  city.     Principal  output  from  these  studies  consists  of  the 
identification  of  the  major  geologic  and  structural  hazards  that  are 
summarized  in  a  series  of  maps  delineating  where  in  the  city  these 
hazards  are  believed  to  exist.     Results  of  this  study  will  aid  in 
minimizing  future  loss  of  life  and  economic  loss  due  to  earthquakes 
through  disaster-mitigation  procedures  and  future  land-use  planning. 

Impetus  for  these  investigations  was  given  by  recent  state  legislation 
SB  1^89,  which  requires  California  cities  to  include  a  Seismic  Safety 
Element  in  their  comprehensive  city  plans.    The  burden  for  the  imple- 
mentation of  this  legislation  for  the  city  of  San  Francisco  rests  with 
the  Department  of  City  Planning  which,  in  turn,  retained  this  firm  to 
provide  consulting  services  in  the  geologic  hazard  and  structural 
engineering  areas. 
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MAJOR  FINDINGS 


The  studies  resulted  in  the  identification  and  evaluation  of  earth- 
quake hazards  in  the  city  of  San  Francisco.     Foremost  among  these 
hazards  are  building  damage  and  resulting  casualties  from  ground 
shaking.    Although  there  is  no  indication  of  active  faults  within  the 
city  limits,  the  city  is  in  close  proximity  to  the  San  Andreas  fault, 
which  caused  the  1906  disaster.     In  addition,  there  are  other  faults 
east  of  the  bay  that  could  cause  damage  in  San  Francisco. 

There  are  other  hazards,  for  example,  from  potentially  unstable 
ground  under  earthquake  conditions.    Such  hazards  as  liquefaction, 
subsidence,  and  tsunami   inundation  exist  along  areas  of  the  eastern 
and  northern  waterfronts,  and  a  liquefaction  hazard  also  exists  in 
the  Lake  Merced  area.     Landslides  are  a  hazard  in  certain  hilly  re- 
gions.   These  and  other  hazards  such  as  flooding  from  reservoirs 
are  described  in  "Part  I:    Geologic  Evaluation." 

Economic  loss,  injuries,  and  fatalities  are  expected  to  result  from 
damage  to  structures,  mainly  buildings.    While  large  areas  of  the 
city  would  be  expected  to  experience  only  moderate  or  slight  build- 
ing damage,  the  study  revealed  that  some  areas  have  a  relatively  high 
concentration  of  buildings  of  a  type  with  a  well-established  record 
of  poor  earthquake  performance.     Some  of  these  buildings  may  be 
expected  to  experience  partial  or  even  complete  collapse,  particular- 
ly some  of  the  pre-code,  unreinforced  masonry  structures.     In  the 
downtown  area,  there  are  also  potential  hazards  from  falling  parapets, 
cornices,  ornamentations,  and  glass.    "Part  II:     Structural  Evalua- 
tion" describes  these  hazards. 

Buildings  built  since  San  Francisco's  first  seismic  building  code  of 
1 948  are  generally  much  better  risks  than  those  built  before  19^8. 
Modern  engineering  and  earth  science  technology  together  with  earth- 
quake building  code  provisions  and  city  planning  can  greatly  reduce, 
and  in  many  cases  eliminate,  earthquake  hazards. 


-  vi  i  i  - 

QJ][^©/[13ILQJM1 


The  study  also  determined  that  San  Francisco's  vital  utility  and 
transportation  lifelines  and  the  emergency  services  of  fire,  police, 
health,  and  emergency  communications  generally  need  improved  seismic 
planning  and  design.     Emergency  services,  in  particular,  may  be 
vulnerable  to  complete  or  partial  loss  of  the  usefulness  of  some  of 
their  physical  facilities  for  the  vital  period  immediately  after  a 
major  earthquake. 


ix  - 


ACKNOWLEDGMENTS 


Various  members  of  URS/John  A.  Blume  &  Associates,  Engineers,  partici- 
pated in  this  study.    The  overall  program  was  under  the  direction  of 
Dr.  John  A.  Blume.     Ronald  Gallagher  served  as  program  manager. 

The  Geologic  Evaluation  was  prepared  by  Andrew  B.  Cunningham,  Senior 
Engineering  Geologist,  assisted  by  Bruce  Auld,  Engineering  Seismologist, 
and  Dr.  C.  K.  Chen,  Engineering  Hydrologist. 

The  Structural  Evaluation  was  prepared  by  John  A.  Blume  with  assistance 
from  Bing  Mah,  Structural  Engineer,  and  Kenneth  Schopp,  Manager  of  Com- 
puter Technology. 


Throughout  the  course  of  the  study,  enthusiastic  assistance  was  provided 
by  members  of  the  Department  of  City  Planning.     We  are  also  indebted  to 
those  in  the  Bureau  of  Building  Inspection,  Department  of  Public  Works, 
City  Engineer's  Office,  City  Architect's  Office,  City  Assessor's  Office, 
State  of  California  Division  of  Mines  and  Geology,  and  U.S.  Geological 
Survey  for  their  assistance  in  providing  data. 


GIC  EVALUATION 


INTRODUCTION  TO  PART  I 


Part  I  of  this  report  describes  results  of  a  study  conducted  by  URS/ 
John  A.  Blume  &  Associates,  Engineers,  to  identify,  describe,  and  eval- 
uate geologic  and  seismologic  factors  of  earthquake  hazards  within  the 
city  and  county  of  San  Francisco.    This  work  was  carried  out  for  the 
Department  of  City  Planning  of  San  Francisco  under  contract  to  the  City 
of  San  Francisco. 

Information  considered  appropriate  to  the  general  purposes  of  the  study 
was  selected  from  published  and  unpublished  investigations  performed 
by  government  agencies,  private  firms,  and  individuals.     Although  these 
data  should  be  regarded  as  generally  applicable  and  dependable,  confirma- 
tion of  their  accuracy  or  reliability  was  not  within  the  scope  of  this 
report. 

Information  is  presented  in  this  report  primarily  in  the  form  of  maps. 
In  most  instances  these  have  been  compiled  separately,  each  dealing  with 
a  different  geologic  hazard,  so  as  to  avoid  possible  confusion  in  their 
interpretation.     The  scale  of  these  is  1   inch  equals  1500  feet,  but  many 
of  the  source  maps  from  which  information  was  obtained  were  on  much 
smaller  scales  and  were  therefore  of  relatively  lower  accuracy. 

The  geologic  hazard  maps  should  be  modified  as  new  information  is  ac- 
quired or  published.     Because  those  maps  showing  hazard  areas  due  to 
liquefaction  and  subsidence  are  intended  to  be  conservative,  new  in- 
formation will   in  most  instances  result  in  diminishing  the  size  of  the 
hazard  area.     There  is  a  large  amount  of  information  in  unpublished 
reports,  not  available  for  this  study,  which  might  be  gradually  incor- 
porated into  the  maps. 

The  maps  and  text  of  this  report  are  intended  to  provide  a  basis  for 
estimating  present  earthquake  hazards  to  people,  buildings,  and  facil- 
ities and  to  minimize  earthquake  hazards  in  future  development.  The 
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data  presented  herein  do  not  supplant  the  detailed  geotechnical  data 
normally  acquired  prior  to  land  development  or  building  design. 

Part  I  first  presents  and  discusses  various  geologic  hazards.    The  last 
chapter  deals  with  the  impact  of  these  geologic  hazards  on  land-use 
po 1 i  cy . 
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GEOLOGIC  MAP  OF  SAN  FRANC  I  SCO 


General  Statement 

Earthquake  damage  to  man-made  structures  may  result  from  intense  shak- 
ing or  from  soil  and  rock  failures  that  in  turn  cause  structural  damage. 
Such  damage  may  also  be  caused  by  differential  ground  movement  on  oppo- 
site sides  of  a  fault.     The  intensity  of  earthquake  shaking  is  strongly 
influenced  by  the  type  of  soil  or  rock  underlying  an  area,  and  the  possi- 
bility of  ground  failure  is  primarily  determined  by  the  soil  and  rock 
types  present.     The  location  of  faults  that  might  move  during  an  earth- 
quake defines  the  possible  hazard  due  to  surface  rupture. 

A  geologic  map  showing  areal  distribution  of  soil  and  rock  types  and 
fault  locations  is  an  important  aid  to  the  evaluation  of  earthquake 
hazards.     The  formations  shown  on  the  geologic  map  are  described  on  the 
map.     Their  engineering  properties,  susceptibility  to  earthquake  failure, 
and  type  of  failure  are  discussed  in  the  following  pages.     Detailed  dis- 
cussion of  specific  hazards  such  as  landsliding,   liquefaction,  and  fault 
rupture  are  presented  elsewhere  in  this  report. 

The  generalized  geologic  map  (Figure  l)  of  San  Francisco  was  abstracted 
from  work  by  Schlocker,  et  al.    (1958)  and  Bonilla  (1971).     The  accuracy 
and  reliability  of  this  work  was  not  confirmed  by  JAB  and  this  map  is 
not  intended  to  supplant  detailed  geologic  and  soils  investigations  of 
specific  sites  that  may  be  required  by  building  codes,  by  other  ordinances, 
or  by  the  principles  of  good  engineering  practice. 

To  better  achieve  the  purpose  of  providing  a  basis  for  evaluation  of 
seismic  hazard  the  geologic  map  has  been  simplified.     Certain  soil  and 
rock  types  with  different  geologic  properties  have  been  combined  into 
the  same  formation  or  map  unit  because  they  have  similar  engineering 
properties.     Small  outcrop  areas  were  often  simplified  or  omitted.  No 
field  work  was  done  to  compile  Figure  1. 
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The  geologic  map  shows  the  location  and  areal  extent  of  the  major  geo- 
logic formations  in  San  Francisco  that  have  distinctive  engineering 
characteristics.     When  possible,   it  also  shows  such  geologic  structures 
as  folds,  faults,  and  attitude  of  bedding. 

Earthquake  Stability  of  Geologic  Formations 

Artificial  Fill   (Qaf ) .    The  stability  of  artificial  fill  varies.  Modern 
fills  placed  on  firm  ground  and  properly  compacted  have  good  stability 
and  often  are  at  least  as  resistant  to  earthquake  failure  as  is  adjacent 
natural  ground.     Fills  placed  many  years  ago  over  soft  bay  muds  without 
compaction  are  very  susceptible  to  failure  under  earthquake  forces. 
Most  of  the  low  marshlands  bordering  the  bay  within  the  city  of  San 
Francisco  were  filled  many  years  ago  and  constitute  relatively  large 
areas  with  a  high  susceptibility  to  earthquake-generated  soil  failure. 
During  the  1906  earthquake,  these  areas  displayed  such  effects  of  severe 
disturbance  as  buckling  of  the  ground  surface,  fissuring,  cracking, 
bending  of  rails,  and  subsidence.     These  effects  were  caused  by  failure 
of  the  soft  bay  muds  and  loose  sands  lying  at  some  depth  beneath  the 
ground  surface.    Some  localized  areas  of  artificial  fill  that  were  not 
placed  on  bay  mud  also  failed  in  the  1906  earthquake,  but  these  were 
not  extensive. 

Filled  ground  within  the  western  part  of  the  city  underlain  by  sand 
dune  deposits  should  have  fair  stability  under  earthquake  conditions. 
However,  if  the  underlying  sand  deposits  are  saturated  near  the  ground 
surface  and  are  of  medium  or  low  density,  they  may  be  susceptible  to 
1 i  quef acti  on . 

Aside  from  filled  areas  on  marshland,  most  of  the  artificial  fills  in 
San  Francisco  are  fairly  resistant  to  earthquake-generated  soil  failure. 
Good  quality  fills  consisting  of  we  1 1 -compacted  fill  material  on  a  firm 
base  have  good  stability. 

Landslide  Deposits  (QJ).  Landslides  may  be  considered  a  normal  part  of 
the  geologic  cycle  by  which  uplifted  lands  are  eroded.     They  typically 
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occur  under  static  conditions  when  the  gravitational  forces  exerted  on 
a  mass  of  soil  or  rock  become  greater  than  those  supporting  it.  The 
weakening  of  support  beneath  a  land  mass  may  occur  naturally  or  through 
human  acts.     A  land  mass  that  has  already  undergone  sliding  or  that  is 
very  weakly  supported  may  slide  if  the  additional  forces  of  earthquake 
ground  motions  act  on  it.    The  known  landslide  areas  in  San  Francisco 
are  indicated  in  Figure  1.     Landslides  are  also  discussed  more  exten- 
sively later  in  this  report,  where  a  more  comprehensive  map  showing  only 
landslide  locations  is  examined. 

Beach  Deposits   (Qrb).     Beach  deposits  consisting  predominantly  of  clean 
sand  are  found  along  the  western  margin  of  the  city  facing  the  ocean 
and  in  some  small  embayments  around  the  northern  portion  of  the  penin- 
sula.    Beach  deposits  have  a  high  susceptibility  to  earthquake  damage 
because  of  the  relatively  high  potential   for  liquefaction  in  the  saturated 
sands  beneath  the  ground  surface.     Although  they  may  appear  to  be  unaf- 
fected in  their  natural  state  by  strong  earthquakes,  a  heavy  structure 
placed  upon  them  may  suffer  a  loss  of  support  beneath  its  foundations  in 
an  earthquake. 

Dune  Sand  (Qd) .     Dune  sand  is  a  relatively  clean,  well-sorted  sand  placed 
by  wind.     These  sands  generally  have  a  low  potential  for  earthquake 
failure,  but  if  the  groundwater  table  is  near  the  surface  and  the  sand 
is  loose,  they  have  a  high  potential  for  liquefaction  and  consequent 
failure  in  an  earthquake. 

Quaternary  Deposits,  Undifferentiated  (Qu) .     Graphic  limitations  required 
that  some  outcrop  areas  be  combined  and  designated  in  Figure  1  as  undif- 
ferentiated deposits.     The  most  extensive  formation  included  in  undiffer- 
entiated deposits  is  the  Colma  Formation  of  unconsolidated  sand  and  clay. 
Undifferentiated  deposits  also  include  alluvium,  slope  debris,  some  very 
small  areas  of  bay  mud,  as  well  as  dune  sand,  beach  deposits,  and  fill. 
Most  of  the  undifferentiated  deposits  have  fair  to  good  stability  under 
earthquake  conditions  with  small  areas  such  as  the  bay  muds  and  land- 
slide areas  having  a  relatively  poor  resistance  to  earthquake  damage. 
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Franciscan  Group  Rocks,  Undifferentiated  (Kju).    The  undifferentiated 
Franciscan  Group,  consisting  of  serpentine,  graywacke,  chert,  green- 
stone, shale,  gabbro,  diabase,  and  minor  metamorphic  rocks  has  good 
stability  under  earthquake  conditions. 

Intensely  Sheared  Franciscan  Group  Rocks  (Kjs).     The  highly  sheared 
Franciscan  Group  rocks  are  considered  to  have  relatively  low  stability 
under  earthquake  conditions.     Because  intensely  sheared  rocks  have 
undergone  structural  deformation  and  mineralogic  changes,  their  prop- 
erties may  be  completely  different  from  those  of  the  unsheared  rock. 
Physical  disintegration  of  rocks  results  in  decrease  in  size,  which 
sometimes  produces  very  fine,  sand-like,  angular  breccia.  Mineralogic 
changes  generally  result  in  the  formation  in  very  fine  aggregates  of  a 
mixture  of  soft  platey  minerals  such  as  the  mica-type  mineral  called 
sericite,  and  the  clay  mineral,  montmori 1 loni te.     The  mica-type  and 
clay  minerals  have  little  strength  and  tend  to  shear  very  readily,  par- 
ticularly when  saturated.     Thus,  the  presence  of  these  minerals  increases 
the  potential  for  landsliding  or  other  failure. 
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FAULTS 


General  Statement 

Movements  on  faults  and  earthquake  activity  are  closely  related  in  the 
western  United  States.    Very  slow  continuous  differential  movement  of 
land  masses  results  in  elastic  deformation  of  the  crustal  rocks  near  a 
fault.    This  process  may  or  may  not  be  accompanied  locally  by  slow  dif- 
ferential movement  of  the  ground  surface  (creep)  along  the  trace  of  the 
fault.    The  fault  often  remains  locked  until   the  accumulated  stresses 
are  sufficient  to  cause  sudden  deep  fracturing  and  movement  on  the  fault, 
which  may  or  may  not  be  accompanied  by  surface  rupture.    The  energy 
released  during  such  a  rupture  causes  earthquakes.     Displacement  result- 
ing from  ground  surface  rupture  along  the  trace  of  the  fault  may  range 
from  10  to  20  feet  or  more  in  large  earthquakes.    Small  displacements 
of  the  ground  surface,  on  the  order  of  1  foot  or  less,  may  also  occur 
along  subsidiary  faults  in  the  vicinity  of  the  causative  fault. 

In  the  San  Francisco  earthquake  of  1906,  a  maximum  ground  displacement  of 
20  feet  was  observed  in  Marin  County,  north  of  San  Francisco.     Ground  rup- 
ture was  also  observed  on  the  San  Andreas  fault  where  it  passes  along  the 
peninsula  south  and  southwest  of  San  Francisco.    Although  ground  ruptur- 
ing was  observed  in  San  Francisco  as  a  result  of  the  1906  earthquake, 
all  of  it  was  attributed  to  soil  failure  rather  than  surface  rupture  on 
fau 1 ts . 

Determining  fault  locations  is  important  for  the  evaluation  of  earthquake 
hazards.    Vibratory  ground  motion,  the  greatest  cause  of  damage  in  earth- 
quakes, originates  at  depth  on  the  fault  plane.    The  distance  of  the  causa- 
tive fault  from  the  point  of  measurement  is  a  major  determinant  of  the 
intensity  of  observed  ground  motion.    A  second  cause  of  damage  in  earth- 
quakes is  rupturing  along  the  fault  trace.     Structures  located  on  the  trace 
of  a  fault  which  undergoes  surface  rupture  during  an  earthquake  would  pro- 
ably  be  destroyed.    Therefore,   identifying  the  locations  of  active  faults 
that  might  move  during  an  earthquake  is  of  considerable  importance.  In- 
active faults  are  those  that  have  moved  in  past  geologic  time,  but  have  not 
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moved  in  recent  geologic  time  and  are  not  expected  to  move  during  an 
earthquake . 

Major  Faults  Near  San  Francisco 

Major  faults  in  the  vicinity  of  San  Francisco  are  known  to  be  active 
and  will  be  the  source  of  future  large  earthquakes.    The  largest  fault 
near  San  Francisco  is  the  San  Andreas,  which  ruptured  during  the  1906 
earthquake.    The  San  Andreas  fault  passes  within  about  one  mile  of  the 
southwest  corner  of  the  city  and  about  five  miles  from  the  center  of 
the  city. 

Another  large  active  fault  associated  with  major  earthquakes  is  the 
Calaveras  fault,  which  passes  east  of  San  Jose  near  Pleasanton,  trend- 
ing in  a  northwesterly  direction.    The  Hayward  fault  trends  in  a  north- 
westerly direction  along  the  base  of  the  hills  in  Berkeley,  Oakland,  and 
San  Leandro.    Although  these  faults  have  produced  major  earthquakes, 
they  are  not  as  large  as  the  San  Andreas  fault  and  are  not  believed  cap- 
able of  producing  earthquakes  as  large  as  those  that  have  occurred  and 
may  occur  on  the  San  Andreas  fault. 

For  the  purposes  of  this  study,   it  is  conservative  to  postulate  that 
the  future  large  earthquake  will  occur  on  the  San  Andreas  fault,  which 
is  both  capable  of  producing  the  largest  earthquake  of  those  in  the 
vicinity  of  San  Francisco  and  is  closest  to  San  Francisco.     If  this 
earthquake  should  occur  on  the  Hayward  or  Calaveras  faults,  the  level 
of  vibratory  motion  experienced  in  San  Francisco  would  probably  be  less 
than  if  the  earthquake  were  located  on  the  San  Andreas  fault.  However, 
the  general  effects  would  be  similar  and  a  similar  distribution  of 
damage  in  the  city,  particularly  in  the  eastern  part  of  the  city,  would 
occur . 

Faulting  Within  the  City  of  San  Francisco 

No  active  faults  are  known  to  exist  within  the  city  of  San  Francisco. 
The  fault  location  map  accompanying  this  report  shows  inactive  faults, 
none  of  which  are  capable  of  producing  as  large  an  earthquake  as  has 
occurred  on  the  San  Andreas  fault,  and  none  of  which  are  expected  to 
move  in  a  future  major  earthquake. 
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The  presence  of  the  faults  shown  in  Figure  2  is  known  from  the  geolo- 
gic mapping  performed  by  Bonilla  (1971)  and  Schlocker,  et  al.  (1958). 
Fault  locations  were  observed  in  bedrock  outcrops,  but  cannot  be  dis- 
cerned in  recent  deposits  such  as  alluvium  or  dune  sand,  which  blanket 
large  parts  of  San  Francisco. 

Fault  zones  are  normally  susceptible  to  rapid  erosion  and  therefore 
frequently  occupy  valleys,  gullies,  or  sometimes  lie  along  the  base 
of  a  slope.     In  these  locations  they  may  be  covered  by  alluvial  mate- 
rials or  dune  sand. 

There  are  two  wide  fault  zones,  characterized  by  intense  and  pervasive 
shearing  and  containing  sheared  serpentine  intrusives,  which  trend  north- 
west through  the  city.    These  are  termed  melange  zones,  which  means  a 
zone  of  highly  sheared  heterogeneous  rocks  containing  hard  inclusions 
of  diverse  rock  types. 

One  of  the  melange  zones  recently  mapped  by  Bonilla  is  called  the  City 
College  fault.     Its  northernmost  extension  is  at  the  location  of  the 
Sunset  Reservoir,  but  it  probably  continues  northwesterly  beneath  the 
dune  sands  and  finally  passes  into  the  ocean  near  Land's  End.  The 
second  of  these  zones  was  observed  by  Lawson  (1908)  and  later  described 
by  Schlocker.     It  extends  southeasterly  from  a  point  on  the  shore  about 
a  mile  south  of  Fort  Point  to  Potrero  Point  near  22nd  and  3rd  streets. 
Although  Schlocker  did  not  show  this  as  a  fault  zone  on  the  geologic  map, 
he  described  it  as  a  zone  of  major  shearing  occupied  by  sill-like  ser- 
pentine bodies. 

Based  upon  new  theories  of  plate  tectonics,  these  are  now  believed  to  be 
zones  of  ancient  thrusting  called  subduction  zones.     A  subduction  zone 
is  an  elongated  region  along  which  a  crustal  plate  descends  relative  to 
another  crustal  plate.    According  to  current  theories,  these  zones  in 
San  Francisco  date  back  to  an  ancient  tectonic  regime  during  which  the 
crustal  plate  occupying  the  Pacific  Ocean  was  being  thrust  beneath  the 
crustal  plate  of  the  North  American  continent.     Interaction  between  the 
continental  plate  and  the  Pacific  Oceanic  plate  still  continues  but  in 
the  past  25  or  30  million  years  it  has  been  typified  not  by  underth rus t i ng 
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of  the  Pacific  Oceanic  plate  but  instead  by  the  northerly  movement  of 
the  Pacific  plate  along  the  San  Andreas  fault. 

The  melange  zones  are  of  great  geologic  importance  and  much  geologic 
and  structural  history  can  be  read  from  them.    However,  they  are  in- 
active and  have  no  significance  with  regard  to  current  earth  movements. 
They  are  important  from  the  standpoint  of  engineering  geology  because 
the  rock  contains  abundant  platey  minerals  and  represents  a  zone  of 
potentially  unstable  ground. 

There  is  no  evidence  to  indicate  that  any  faults  in  San  Francisco, 
either  those  that  are  exposed  and  have  been  mapped  or  those  thay  may 
be  concealed,  are  active.    The  seismic  networks  maintained  by  the 
University  of  California  and  by  the  United  States  Geological  Survey 
(USGS)  to  determine  the  locations  of  microtremors  clearly  delineate 
active  faults  in  the  bay  region,  such  as  the  Hayward  fault,  the  Cala- 
veras fault,  the  San  Andreas  fault,  and  few  microtremors  have  been  ob- 
served in  San  Francisco.    Those  that  have  been  observed  suggest  that 
there  may  be  some  tectonic  activity  deep  below  the  ground  surface  in  the 
vicinity  of  San  Bruno  Mountain.     If  there  is  tectonic  activity  in  this 
region,   it  could  be  related  to  strain  along  the  San  Bruno  fault,  which 
parallels  the  San  Bruno  Mountains  and  passes  through  Lake  Merced.  The 
absence  of  significant  mi croearthquake  activity  within  the  city  strongly 
supports  the  view  that  there  are  no  active  faults  in  San  Francisco. 

In  summary,  the  results  of  geologic  field  mapping  do  not  show  any  evi- 
dence of  active  faulting  in  San  Francisco.     Similarly,  the  results  of 
mi croearthquake  monitoring,  which  has  delineated  active  faults  in  other 
parts  of  the  San  Francisco  bay  region,  do  not  show  evidence  of  active 
faulting  within  San  Francisco.     It  can  therefore  be  concluded  that  the 
faults  in  San  Francisco  are  inactive  and  it  is  not  necessary  to  restrict 
land  use  in  their  vicinity. 
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DISTRIBUTION  OF  SEISMIC   INTENSITY  IN  SAN  FRANCISCO 


General  Statement 

Earthquake  intensity  is  measured  by  the  degree  of  shaking  at  a  speci- 
fied place  based  on  evidence  recorded  by  a  trained  observer.  Earth- 
quake effects  used  to  typify  different  degrees  of  shaking  vary  from 
the  slightest  perceptible  tremor  to  destruction  of  brick  chimneys  and 
entire  buildings.    The  most  violent  shaking  results  in  fissuring  of 
the  earth,  tossing  of  boulders,  and  other  unusual  ground  disturbances. 
The  most  commonly  used  intensity  scale  is  the  Modified  Mercalli  scale, 
although  Japanese  and  Russian  specialists  have  developed  their  own 
earthquake  intensity  scales. 

There  is  general  agreement  that  earthquakes   in  the  western  United  States 
are  caused  by  movement  of  the  earth's  crust  along  faults.     A  fault  is  a 
surface  or  zone  along  which  the  rocks  have  ruptured  and  displaced. 
Earthquake  intensity  is  affected  by  the  nature  of  the  fault  movement  at 
the  source  of  the  earthquake,  the  location  of  the  site  with  respect  to 
the  source  and  the  causative  fault,  the  travel  path  followed  by  seismic 
waves  from  the  source  to  the  point  of  measurement,  and  the  geologic  prop- 
erties of  materials  at  the  point  of  measurement.     Some  of  the  factors  at 
the  source  that  affect  resultant  earthquake  ground  motion  are  the  direc- 
tion and  amount  of  movement  on  the  fault,  the  focal  depth,  e.g.,  the 
depth  of  the  point  at  which  rupture  along  the  fault  surface  is  initiated, 
and  the  physical  properties  of  the  rocks  that  are  ruptured. 

As  seismic  waves  radiate  outward  from  the  point  of  origin,  they  are  atten- 
uated, with  higher  frequency  vibration  attenuated  more  than  lower  frequency 
vibrations.     Seismic  waves  are  transmitted  upward  from  hard  bedrock  through 
softer  soil   layers  that  may  consist  of  various  types  of  alluvium  or  weath- 
ered materials.     Because  surface  materials  have  distinctly  different  prop- 
erties from  bedrock  materials,  they  affect  the  character  of  the  seismic 
motions.     Some  researchers  maintain  that  soft  soils  amplify  weak  ground 
motions  but  may  attenuate  strong  ground  motions   in  both  high  and  low  fre- 
quency ranges  due  to  inelastic  deformation  of  the  soil    (Ambraseys,   1973) - 
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The  effect  of  surface  soil   layers  on  ground  motions  is  determined  by 
physical  properties  of  the  soil   layers,  and  their  thickness.  Sur- 
face motions  may  also  be  affected  by  nonuniform  subsurface  configur- 
ations  (Trifunac,   1971).    Alluvial  sites  may  exhibit  a  resonance  of 
ground  shaking  at  certain  frequencies  that  are  determined  by  the  phy- 
sical properties  of  the  soils  and  the  depth  of  the  soil   layer  (Seed 
and  Schnabel ,  1 972) . 

While  recent  studies   (Davis  and  West,  1973;  Boore,   1972)   indicate  that 
topographic  highs  can  cause  ground  motion  amplification,  the  1 906  earth- 
quake suggests  that  such  amplification  either  did  not  occur  in  San 
Francisco  or  was  compensated  for  by  the  comparatively  lower  levels  of 
ground  motion  in  the  hard  materials  that  compose  the  hills  of  San  Fran- 
cisco. 

Parameters  of  ground  shaking  at  the  earth's  surface  are  the  duration  of 
shaking,  the  frequency  of  the  vibrations,  and  the  peak  acceleration  or 
peak  particle  velocity  of  the  ground  movements,  which  are  normally  mea- 
sured by  strong  motion  instruments  activated  automatically  at  the  onset 
of  an  earthquake.     Instrumental   records  are  important  for  quantifying 
these  parameters  and  are  essential   in  the  study  of  earthquake  ground 
mot  ion . 

One  of  the  major  objectives  in  earthquake  engineering  research  has  been 
to  predict  the  characteristics  of  ground  shaking  at  a  given  site  for  a 
future  earthquake  so  that  structures  and  facilities  can  be  designed  so 
as  to  minimize  damage  and  loss  of  life  in  future  earthquakes.  Most 
recent  theories  developed  for  this  purpose  consider  probability  and  mag- 
nitude of  future  earthquakes  as  well  as  attenuation  and  site  effects. 
These  considerations  have  for  some  time  been  applied  to  the  construction 
of  valuable  and  important  structures. 

Techniques  for  determining  seismic  characteristics  of  sites  have  been 
applied  to  larger  areas,  such  as  municipalities   (Al germ i ssen ,  1973; 
Donovan,  1973;  Seed  and  Schnabel,   1972).    This  is  called  mi crozonat ion 
in  contrast  to  earlier  seismic  zoning  that  considered  areas  as  large  as 
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the  United  States.     Site  investigations  are  more  detailed  than  micro- 
zonation  of  a  city,  but  the  generalizations  inherent  in  a  microzonation 
are  needed  when  considering  larger  areas.    The  objective  of  microzona- 
tion is  to  compile  maps  showing  different  degrees  of  seismic  hazards 
within  the  area  of  interest.    These  maps  can  be  used  to  help  determine 
safer  construction  design  procedures,  mitigate  existing  hazards,  and  as 
an  aid  in  intelligent  land-use  planning. 

Characteristics  of  Future  Earthquakes 

The  future  major  earthquake  would  probably  be  located  on  the  San  Andreas 
fault,  which  is  a  strike-slip  fault  (one  having  a  predominant  lateral 
displacement),  with  the  west  side  of  the  fault  having  moved  northward. 
A  future  major  earthquake  accompanied  or  caused  by  movement  on  the  San 
Andreas  fault  would  probably  have  a  fault  mechanism  similar  to  that  of 
the  1906  earthquake.     It  is  conservatively  assumed  that  the  Richter 
magnitude  of  this  event  would  be  8.3,  the  same  as  the  1906  earthquake. 
The  duration  of  strong  shaking,  which  is  strongly  dependent  on  the  length 
of  faulting  (Bolt,  1972),   is  also  estimated  to  be  the  same  as  that  for 
the  1906  earthquake,   in  this  case  hO  seconds. 

This  duration  and  estimated  frequencies  of  predominant  ground  shaking 
for  areas  of  the  city  having  different  soil   types  and  depths  have  been 
used  with  the  map  showing  estimated  relative  intensity  of  ground  shak- 
ing (Figure  3)  to  characterize  anticipated  ground  motions   in  various 
parts  of  San  Francisco  due  to  a  future  major  earthquake  located  on  the 
San  Andreas  fault  near  San  Francisco. 

Generally  accepted  theories  regarding  rupture  of  the  earth's  crust  dur- 
ing earthquakes  indicate  that  the  actual  breakage  originates  at  a  point 
and  then  radiates  outward  on  the  fault  plane  (Bolt,   1972).    The  epicenter 
of  the  1906  earthquake  is  generally  believed  to  have  been  located  in 
Marin  County  about  20  miles  north  of  San  Francisco.     Because  earthquake 
epicenters  are  usually  distributed  along  the  causative  fault,  a  future 
earthquake  would  be  expected  to  occur  at  a  different  location  on  the 
fault  than  that  of  the  1 906  event.     In  this  event,  the  travel  paths  of 
seismic  waves  reaching  the  city  and  the  levels  of  ground-shaking  intensity 
in  the  city  would  also  probably  change. 


Seismic  Intensity  Distribution  Map 

Determination  of  seismic  intensity  or  degree  of  ground  shaking,  dura- 
tion, and  the  frequency  distribution  of  ground  motions  is  the  most  im- 
portant aspect  of  seismic  safety  evaluation,  because  these  factors  cause 
most  of  the  catastrophic  damage  and  loss  of  life  in  major  earthquakes. 
Documentation  of  earthquake  effects  in  San  Francisco  due  to  ground 
shaking  in  the  1906  earthquake  (Wood,   1908)  shows  that  distribution  of 
ground  shaking  in  the  city  was  generally  what  would  be  predicted  using 
current  analytical   techniques.     The  empirical  evidence  from  this  earth- 
quake is  therefore  a  valuable  guide  in  predicting  the  intensity  of 
ground  shaking  due  to  future  major  earthquakes,  especially  because  many 
aspects  of  earthquake  ground  motion  cannot  be  accurately  predicted  by 
present  analytical  methods. 

Seismic  waves  during  a  future  major  earthquake  may  approach  the  city 
from  a  different  direction  than  in  the  1  906  earthquake  and  will  emanate 
from  a  source  at  the  rupture  front,  which  may  be  traveling  in  the  oppo- 
site direction  than  in  1906.    These  factors  might  produce  differences 
in  frequency  distribution  of  ground  motions  and  in  distribution  of 
ground-motion  intensity  within  the  city.     However,  site  characteristics 
change  very  little  or  not  at  all,  and  they  have  a  major  effect  on  seis- 
mic intensity  and  frequency  distribution  of  ground  motions.  Therefore, 
it  is  believed  that  the  distribution  of  ground-shaking  intensity  due  to 
the  postulated  future  earthquake  will  probably,  without  major  differences, 
be  approximately  the  same  as  that  of  the  1 906  earthquake. 

Based  upon  the  work  of  Wood  ( 1 908 )  the  Figure  3  map  has  been  compiled 
to  show  estimated  relative  intensity  of  ground  shaking  in  San  Francisco 
for  a  future  major  earthquake  similar  to  the  1906  event.  Algermissen 
(1972)  estimated  that  such  an  earthquake  would  have  a  return  period  of 
170  years.    Wallace  (1970)  estimated  a  recurrence  interval  of  102  years 
for  a  magnitude  8  earthquake  on  the  total   length  of  the  San  Andreas  fault 
based  upon  crustal  movement  studies.     He  noted  that  this  could  be  in- 
correct by  at  least  a  factor  of  2  and  that  for  a  single  point  on  the 
fault  the  interval  should  be  43  times  greater.     Tuncel  and  Kuo   ( 1 97^4 ) 
statistically  predicted  a  maximum  magnitude  8.5  earthquake  with  a  return 
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period  of  100  years  for  California  and  Nevada.    Although  neither  of 
these  estimates  are  directly  applicable  to  the  San  Francisco  seismic 
hazard,  both  appear  to  indicate  a  longer  return  period  than  Alger- 
missen  did  for  the  San  Francisco  earthquake.    The  different  zones 
shown  in  Figure  3  have  been  converted  to  equivalent  estimated  values 
of  ground  acceleration  for  use  in  building-damage  predictions  by  com- 
parison with  building  damage  in  other  studies,  where  the  level  of 
ground  acceleration  was  determined  by  instrumental  measurement,  and 
by  judgment  based  on  experience  in  building-damage  studies. 

Frequency  distribution  of  earthquake  ground  motions  can  be  estimated 
based  upon  soil  properties  and  soil  depth  (Structural  Engineers  Asso- 
ciation of  Northern  California,   1973).    This  has  been  done  throughout 
the  City  of  San  Francisco,  and  the  results  have  been  incorporated  in 
estimates  of  building  damage. 

Seed  (1969)  and  others  have  pointed  out  that  the  extensive  damage  ob- 
served by  Wood  in  the  filled  areas  of  San  Francisco  was  due  largely  to 
soil  failure  beneath  the  fill   rather  than  to  intensity  of  shaking.  First- 
class  buildings  in  the  filled  areas  whose  foundations  did  not  fail,  such 
as  those  on  pilings,  suffered  damage  but  were  not  in  danger  of  collapse. 
The  map  prepared  by  Wood  (not  shown)   is  based  almost  entirely  on  build- 
ing damage  where  buildings  were  present.     Damage  caused  by  vibration  of 
buildings  and  damage  caused  by  soil  and  foundation  failures  cannot  always 
be  differentiated,  and  Wood  did  not  make  this  distinction.    This  has  been 
taken  into  account  in  using  Wood's  data  as  an  aid  to  compiling  future  dam- 
age predictions. 

Figure  3  generally  agrees  with  theory  regarding  ground  motion  amplifica- 
tion.   The  upper  portions  of  the  hills  that  consist  of  bedrock  with  little 
or  no  soil  cover  would  undergo  lesser  degrees  of  seismic  intensity.  The 
lower  portions  of  the  City  of  San  Francisco,  which  are  built  on  man-made 
fill  placed  over  soft  bay  muds,  would  undergo  the  highest  degree  of  seis- 
mic intensity,  and  the  zones  lying  between  the  man-made  fill  or  deep-soil 
areas  and  the  outcropping  portions  of  the  hills  would  undergo  intermediate 
levels  of  seismic  intensity. 
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LANDSLIDE  AREAS 


General  Statement 

A  landslide  is  a  downslope  movement  of  a  soil  or  rock  mass  due  to 
gravity  and  is  part  of  the  natural  processes  by  which  uplifted  lands 
are  eroded.  Landslides  vary  greatly  in  such  characteristics  as  rate 
of  movement  and  size.  The  slope  of  the  surface  on  which  landsliding 
may  occur  varies  from  quite  steep  to  almost  horizontal.  The  basic 
cause  of  landsliding  is  loss  of  shear  strength  in  materials  that  are 
under  stress  due  to  the  weight  of  overlying  soil  or  rock. 

Saturation  by  water  is  a  frequent  cause  of  landsliding  because  va- 
rious contingent  effects  result  in  loss  of  strength  in  the  soil. 
Landsliding  of  nearly  horizontal  ground  toward  an  open  or  unconfined 
surface  such  as  a  stream  bank  or  canal  bank  frequently  takes  place  in 
strong  earthquakes.     Liquefaction  of  a  sandy  stratum  beneath  the 
ground  surface  often  provides  the  slide  plane  along  which  such  a  mass 
may  move.     This  phenomenon  is  called  lurching.     Other  conditions 
which  may  contribute  to  landsliding  are  stratification  planes,  frac- 
tures, and  shear  planes  or  clay  strata  that  dip  downhill  toward  an 
unconfined  surface. 

Man's  activities  frequently  are  causes  of  landslides.    These  most 
commonly  include  undercutting  near  the  base  or  toe  of  a  slope  or 
loading  its  crest.     Changes  in  groundwater  and  surface-water  patterns 
due  to  paving  or  construction  also  contribute  to  landslides  by  diver- 
ting water  into  ground  which  may  formerly  have  been  much  drier  and 
consequently  more  stable. 

Earthquakes  are  rarely  the  sole  cause  of  landsliding  but  large  quakes 
frequently  trigger  sliding  of  potentially  unstable  ground.     In  San 
Francisco,  it  is  anticipated  that  a  major  earthquake  will  cause  move- 
ment of  active  slides  and  will  trigger  new  slides  similar  to  those 
which  have  already  occurred  under  normal  conditions  and  in  the  same 
general  areas. 
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Landslides  in  San  Francisco 

The  map  showing  landslide  locations  within  the  city  (Figure  k)  de- 
lineates the  existing  hazardous  sites  as  determined  from  USGS  maps 
and  from  records  of  the  City  of  San  Francisco  Bureau  of  Building 
Inspection  (Table  1).     It  is  probable  that  a  considerable  number  of 
slides  have  occurred  that  for  various  reasons  have  not  been  record- 
ed in  either  of  these  compilations.    However,  such  omissions  do  not 
substantially  detract  from  the  main  purpose  of  this  study,  which 
is  to  identify  general  areas  rather  than  specific  sites  that  are 
subject  to  landslide  hazard.    These  general   landslide  areas  are  shown 
in  Figure  k. 

According  to  Radbruch  and  Wentworth  (1971),  San  Francisco  has  a 
relatively  low  abundance  of  landslides.    These  authors  place  most  of 
San  Francisco  in  Zone  1,  which  has  the  lowest  relative  landslide  fre- 
quency.   The  hilly  regions  of  the  city  are  designated  as  Zone  2. 
Six  zones  of  relative  landside  frequency  in  the  Bay  Area  of  which  Zone 
6  has  the  most  landslides,  are  shown  by  the  writers.     Wright  and 
Nilsen  (197*0  have  also  contributed  to  knowledge  of  landslide  hazard 
in  San  Francisco. 

The  hills  of  San  Francisco,  underlain  by  Franciscan  rocks,  are  the 
areas  most  susceptible  to  landsliding.    The  rocks  outcropping  in 
San  Francisco  northeast  of  the  shear  zone  that  extends  from  the  vicin- 
ity of  Fort  Point  to  Potrero  Point  near  22nd  and  3rd  streets  are 
predominately  shale  and  sandstone.    These  rocks,  although  subject  to 
sliding  along  stratification  planes,  are  generally  much  less  suscep- 
tible to  failure  than  are  the  other  rock  types  of  the  Franciscan 
group.    Within  the  northeastern  part  of  the  city,  the  area  that  has 
been  frequently  subject  to  landsliding  and  rock  falls  is  located  along 
the  eastern  and  northeastern  margin  of  Telegraph  Hill  where,  in  many 
instances,  the  lower  part  of  the  hill  has  been  excavated,  creating 
steep  and  hazardous  cliffs. 

In  the  southwestern  part  of  the  city,  the  hills  consist  of  or  are 
underlain  by  diverse  Franciscan  Group  rocks  such  as  greenstone,  schist, 
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chert,  serpentine,  and  weakly  metamorphosed  basalt.     Most  of  these 
rocks  are  susceptible  to  landslide  failures. 

A  number  of  landslides  have  occurred  in  the  San  Miguel  Hills  or  Dia- 
mond Heights  area,  particularly  in  the  southern  part  of  these  hills 
near  Mount  Davidson.     Landslides  have  also  occurred  to  the  east  in 
the  Bernal  Heights  area  and  around  the  small  hill  occupied  by  Bay- 
view  Park  in  the  southeastern  part  of  the  city. 

Landslides  are  abundant  along  the  high  sea  cliffs  extending  between  Fort 
Point  and  Seal  Rocks.    These  landslides  are  a  natural  consequence  of  the 
slow  but  constant  retreat  of  the  shoreline  as  it  is  worn  away  by  wave 
act  ion.. 

A  large  part  of  the  city  is  blanketed  by  deposits  of  dune  sand,  particularly 
in  the  western  area.    This  type  of  sand,  in  low-lying  areas  where  the  water 
table  is  near  the  ground  surface,  may  be  subject  to  failure  by  liquefaction 
in  earthquakes.     During  the  San  Francisco  earthquake  of  1957  there  were 
several   instances  of  landsliding  caused  by  liquefaction  around  the  margin 
of  Lake  Merced.    Most  of  the  dune  sands  in  San  Francisco  are  not  situated 
at  a  low  level  near  the  water  table.    Where  dune  sands  are  located  on  higher 
ground  they  are  relatively  resistant  to  landsliding  because  of  the  natural 
high  shearing  strength  of  the  sand  and  because  shear  strength  of  sand  is  not 
adversely  affected  by  downward  percolating  groundwater. 
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TABLE  1 

TABULATION  OF  SLIDE  LOCATIONS 


AND  NUMBERS  CORRESPONDING  TO  THOSE  IN  FIGURE  4 


Slide 

Seacliff  Avenue 
Parker  Avenue 
Grandview  Avenue 
Market  Street 
15th  Street 
Turk  Street 
Mangels  Street 
Laidley  Street 
San  Jose  Boulevard 
Joost  Avenue  No.  1 
Kirkwood  Avenue 
Monterey  Boulevard 
Joost  Avenue  No.  2 
Alemany  Blvd. 
Si lver  Avenue 
Diamond  Street 
Holladay  Avenue 
0' Shaughnessy  Blvd. 
0' Shaughnessy  Blvd. 
Brussels  Street 
Bayshore  Street 
Market  Street 
Foerster  Street 


Slide  Number 
Shown  in 


Locati on  Figure  4 


At  China  Beach  1 

Bet.  Turk  and  Anza  2 

Bet.  Romain  and  Morgan  3 

Bet.  Romain  and  Glendale  4 

At  Carona  Hts.  Playground  5 

Nr.  Baker  6 

Bet.  Genessee  and  Foerster  7 

Bet.  Mateo  and  Roanoke  8 

Bet.  Randall  and  Highland  9 

Bet.  Arcadia  and  Baden  10 

Nr.  Mendel!  Street  11 

Bet.  Detroit  and  Congo  12 

Bet.  Detroit  and  Congo  13 

Nr.  College  Ave.  14 

Bet.  Congdon  and  Madison  15 

Bet.  27th  and  Army  16 

At  Powhattan  Ave.  17 

At  Encline  Court  18 

Nr.  Lassen  Alley  19 

Nr.  Mansell  St.  20 

Nr.  Costa  St.  21 

Nr.  Dixie  Alley  22 

Nr.  Teresita  23 
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Slide 


Locati  on 


Slide  Number 
Shown  in 
Figure  4 


Diamond  Street  Nr.  Moffitt  24 

Youth  Guidance  At  Woodside  and  Idora  25 

Center 

Castanada  Street  Nr.  Clarendon  Ave.  26 

Ingerson  Avenue  Bet.  Coronada  And  Griffith  27 

Harkness  Avenue  Nr.  Bishop  28 

Edgehill  Way  Nr.  Ulloa  29 

El  Camino  Del  Mar  Nr.  Fort  Mi  ley  30 

Union  Street  At  Calhoun  31 

Twin  Peaks  Blvd.  So.  of  La  Place  Canyon  32 

Twin  Peaks  Blvd.  Bet.  Panorama  and  Portola  33 

Bache  Street  Nor.  of  Alemany  Blvd.,  bet.  34 

Benton  and  Ellsworth 

Foerster  Street  Bet.  Mangles  and  Melrose  35 

Alder  Street  Street  61  Bet.  Harkness  and  36 

Ankeny 

Brussels  Street  Bet.  Ward  and  Harkness  37 

Brussels  Street  Bet.  Ordway  and  Ward  38 

Burlwood  Drive  St.  61,  Bet.  Los  Palmos  and  39 

Belle  Vista 

Canyon  Drive  At  South  Hill  Blvd.  40 

Charter  Oak  Avenue  At  Helena  St.  41 

Christmas  Tree  Point  Radio  Station  on  Twin  Peaks  42 

Corbett  Avenue  St.  98  bet.  Golden  Lane  43 

and  Hopkins 

Del  Vale  Avenue  Nr.  O'Shaughnessy  44 

Dalewood  Way  Mt.  Davidson  45 

Melrose  Avenue  At  Foerster  St.  46 

Winthrop  Street  Bet.  Lombard  and  Chestnut  (at  47 

Lombard) 

Foote  Avenue  St.  331,  bet.  Cayuga  and  SP  48 

Rlrd. 

Fulton  Street  At  48th  Avenue  49 
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Slide 


Location 


Slide  Number 
Shown  in 
Figure  4 


Grandview  Avenue 
Greenwich  Street 
Helena  Street 
Ina  Court 
Clarendon  Avenue 

Junipero  Serra 
Lobos  Street 

Lincoln  Park 

Teddy  Avenue 

Majestic  Avenue 

Macondray  Street 

Maywood  Drive 

Myra  Way 

Miguel  Street 

Midtown  Subdivision 
No.  6 

Moli mo  Drive 

Montgomery  Street 
Mountain  Spring  Ave. 
Mullen  Avenue 
Modoc  Avenue 
Oak  Park  Drive 
19th  Street 
O'Shaughnessy  Blvd. 
Prospect  Avenue 
San  Jacinto  Way 

17th  Street 
Wawona  Street 
Calhoun  Street 


Bet.  24th  and  25th  Sts.  50 

Bet.  Montgomery  and  Sansome  51 

East  of  Elmira  St.  52 

At  Mclaren  Park  53 

Between  Twin  Peaks  and  54 
Stanyan 

At  Brotherhood  Way  55 

Street  38,  bet.  Plymouth  56 
and  Caine 

Nr.  Land's  End  57 

At  Alpha  58 

Bet.  Summit  and  Lakeview  59 

Bet.  Leavenworth  and  Jones  60 

St.  190  bet.  Brentwood  Lane  61 

Bet.  Molimo  and  Dalewood  62 

Nr.  Beacon  St.  63 

West  Side  of  Twin  Peaks  Blvd.  64 

Street  490,  bet.  Myra  St.  65 
and  Croix 

At  Lombard  66 

Bet.  St.  Germain  and  Glenbrood  67 

Bet.  Alabama  and  Peralta  68 

At  Cayuga  St.  69 

Bet.  Warren  and  Christopher  70 

Bet.  Noe  and  Sanchez  71 

Nr.  Arroyo  Way  72 

At  Coso  73 

Bet.  Santa  Paula  and  San  74 
Feli  pe 

Bet.  Temple  and  Ord  75 

Opp.  30th  Avenue  76 

Bet.  Green  and  Union  77 
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LIQUEFACTION 


General  Statement 

Liquefaction,  the  transformation  of  a  granular  material  from  a  solid 
state  into  a  liquefied  state  as  a  consequence  of  increased  stress 
transmitted  through  the  fluid  that  fills  the  voids  between  particles 
of  a  soil  mass,  results  in  reduced  shear  strength  of  the  material. 
The  shear  strength  of  a  sand  is  a  function  of  the  i ntergranul ar  pres- 
sure in  the  sand  and  the  coefficient  of  friction  of  the  granular 
materials  composing  the  sand.     A  qualitative  description  of  lique- 
faction of  a  sand  follows. 

(1)  A  loose  saturated  sand  subjected  to  vibratory  loading 
tends  to  consolidate  and  consequently  decrease  in  volume. 

(2)  The  soil  matrix  collapses  and  transfers  some  of  its  load 
to  the  water. 

(3)  This  load  transfer  increases  the  porewater  pressure  which 
decreases  the  effective  shear  resistance  of  the  soil. 

(k)    Under  appropriate  conditions,  this  leads  to  liquefaction. 

An  example  of  the  visual  result  of  this  process  is  what  is  commonly 
known  as  quicksand.    This  effect  may  also  be  seen  on  beach  sands,  where 
by  tapping  sands  near  the  waterline,  the  sand  may  become  liquefied  such 
that  a  heavy  object  sinks  below  the  surface.     In  terms  of  geologic 
structures,  liquefaction  often  causes  landslides  and  building  settle- 
ment under  vibratory  loading.     In  the  case  of  landslides,  a  soil  stratum 
with  the  proper  characteristics  may  liquefy  under  vibratory  earthquake 
loading.     Once  liquefied,  this  soil   layer  loses  its  shear  strength  and 
allows  overlying  strata  to  slump  or  slide  at  a  low  angle. 

Often  associated  with  earthquakes  are  the  effects  of  liquefaction  — 
waterspouts,  sand  and  water  seething  from  holes  in  the  ground,  the  sub- 
mergence or  tilting  of  structures,  and  the  re-emergence  of  buried  tanks. 
Well  pipes  whose  foundations  are  situated  in  firm  material  underlying  a 
liquefiable  material  have  been  observed  rising  out  of  the  ground,  due  to 
consolidation  of  the  underlying  sequence  of  strata. 
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Conditions  for  Liquefaction 

Four  conditions  classify  a  soil  as  potentially  liquefiable: 

(1)  A  low  degree  of  cohesion  (low  clay  content) 

(2)  A  uniformity  coefficient  less  than  10 

(3)  A  low  relative  wet  density 

(k)    The  presence  of  water 

In  general,  clay-free  granular  sediments  with  a  uniform  grain-size 
distribution  are  considered  to  have  the  greatest  liquefaction  potent- 
ial.   These  sediments  generally  have  a  mean  grain  size  between  silt 
(0.04  mm)  and  gravel   (2.0  mm).     For  a  sediment  to  liquefy,   it  must  lie 
under  or  within  the  water  table. 

The  classifications  of  liquefaction  potential  are  most  easily  based 
on  density.    Sediments  that  meet  the  above  four  conditions  and  have 
relative  densities  less  than  6$%  have  a  high  1 iquefaction  potential. 
The  same  sediments  with  relative  densities  between  65%  and  30%  have 
marginal  liquefaction  potential.    Sediments  with  relative  densities 
greater  than  90%  have  low  liquefaction  potential,  even  under  strong 
vibratory  motion  (Youd,  1973).    Other  factors  are  involved  in  deter- 
mining the  liquefaction  potential  of  soils,  such  as  the  amplitude  of 
vibratory  shear  stress  and  the  number  of  cycles  of  strong  motion 
(Seed  and  Idriss,  1971),  but  these  factors  are  generally  used  for  a 
detailed  examination  of  a  particular  soil,  and  are  used  in  this  study 
in  only  a  general  sense. 

The  Liquefaction  Hazard  in  San  Francisco 

Liquefiable  soils  pose  a  substantial  hazard  to  San  Francisco.  Earth- 
quake engineering  experts  generally  agree  that  a  great  percentage  of 
the  damage  caused  by  the  1906  earthquake  was  due  to  the  liquefaction 
and  subsequent  subsidence  of  man-made  land  rather  than  to  vibratory 
motion  (Seed,  1967).     Although  unconsolidated  soils  transmit  seismic 
waves,  they  are  believed  to  absorb  a  great  deal  of  the  vibratory 
energy  from  large  earthquakes,  particularly  in  the  high  frequency 
range  of  ground  motion.     Unconsolidated  sediments  have  been  observed 
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to  vibrate  primarily  at  periods  greater  than  1  second,  indicating 

that  higher  frequency  motion  may  have  been  suppressed  by  energy  absorb- 

t i on  in  the  soi 1 . 

The  problem  of  liquefaction  is  compounded  by  the  fact  that,  particu- 
larly in  the  case  of  hydraulic  land  fills,  subsurface  soils  may  liq- 
quefy  even  though  the  overlying  materials  have  been  firmly  compacted. 
In  a  summary  report  on  the  aspects  of  fill  in  San  Francisco  Bay,  Seed 
(1967)  states,  "No  matter  how  good  a  fill  may  be,  shear  failure  and 
lateral  displacement  of  the  foundation  soils  on  which  it  rests  will 
inevitably  lead  to  instability  problems."    The  potential  for  lique- 
faction of  foundation  soils  compounds  the  problem  of  determining  the 
areas  of  liquefaction  hazard  in  San  Francisco.     In  general,  all  areas 
where  man-made  fill  rests  upon  soft  bay  mud  or  unconsolidated  sand  may 
be  considered  to  possess  a  liquefaction  hazard  potential.    Also,  areas 
underlain  by  dune  sand  where  the  water  table  is  relatively  close  to 
the  ground  surface  have  liquefaction  hazard  potential.    An  area  of 
particular  liquefaction  hazard  exists  along  the  waterfront,  where 
bulkheads  and  quay  walls  are  used  to  retain  fill  that  may  liquefy 
under  vibratory  motion.    A  great  deal  of  damage  may  occur  on  the  water- 
front due  to  this  type  of  hazard  (Wiegel,  1970). 

Another  area  of  high  liquefaction  hazard  is  located  in  the  western  por- 
tion of  the  city  where  dune  sands  and  a  high  water  table  coincide.  The 
USGS  is  analyzing  reports  of  damage  during  the  1906  earthquake  and 
correlating  those  reports  with  possible  liquefaction  in  the  City  of 
San  Francisco  (Youd,  1974;  Nichols,  197*0.     The  study  is  considering 
two  areas  that  probably  experienced  liquefaction  during  the  1906  earth- 
quake:    the  first  is  along  Ocean  Avenue  to  the  north  of  Lake  Merced, 
and  the  second  is  between  Noriega  and  Kirkham  Streets  in  the  vicinity 
of  48th  Avenue.    These  areas  are  shown  in  Figure  5  as  possessing  a 
liquefaction  potential.     Other  areas  near  the  coastline  and  around 
Lake  Merced  are  also  shown  as  having  a  possible  liquefaction  hazard. 
The  liquefaction  hazard  map  should  be  updated  when  the  results  of  the 
USGS  study  now  being  made  are  released.     A  map  showing  elevation  of 
the  groundwater  table  would  be  a  useful  aid  in  future  evaluation  of 
liquefaction  potential,  and  it  is  recommended  that  such  a  map  be  corn- 
pi  led. 
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In  addition  to  the  areas  of  potential  liquefaction  shown  in  Figure  5, 
liquefaction  may  occur  in  other  isolated  locations  in  the  city,  par- 
ticularly in  the  zones  of  dune  sa.tds  and  artificial  fill  shown  in 
Figure  1,  the  geologic  map  of  San  Francisco.    Under  conditions  of  a 
high  water  table  following  a  particularly  heavy  rainfall,  low-lying 
areas  and  gullies  may  become  saturated  and  thus  acquire  a  potential 
liquefaction  hazard  where  none  exists  under  normal  conditions.  Iso- 
lated or  ephemeral  liquefaction  hazard  areas  cannot  be  accurately 
located  in  Figure  5,  and  the  alternative  of  including  large  parts 
of  the  city  in  the  liquefaction  hazard  area  is  considered  excessively 
conservative.    The  risk  can  be  reduced  by  appropriate  building  code 
procedures . 


TSUNAMIS  AND  SEICHES 


General  Statement 

Tsunamis  are  transient  sequences  of  long-period  sea  waves  generated  im- 
pulsively by  earthquakes,  coastal  or  submarine  landslides,  or  volcanic 
phenomena.    Seiches  are  periodic  oscillations  of  closed  or  semi-closed 
bodies  of  water  caused  by  earthquakes  or  landslides  that  disrupt  the 
normal  boundaries  of  lakes,  bays,  or  small  oceans.    The  most  common 
tsunamis  observed  in  the  San  Francisco  Bay  Area  are  due  to  major  earth- 
quakes located  in  coastal  areas  of  the  Pacific  Ocean.     Islands  in  the 
Pacific,  such  as  the  Hawaiian  Islands  and  Japan,  are  most  susceptible 
to  tsunamis,  although  19  tsunamis  of  varying  sizes  have  been  recorded 
in  the  last  100  years  at  the  Presidio  Tide  Station  located  near  the 
Golden  Gate.    The  elevation  of  a  tsunami   is  measured  in  terms  of  the 
vertical  run-up,  or  wave  heights,  of  water  at  a  coastal  recording  sta- 
tion. 

The  physical  dimensions  and  orientation  of  tsunamis  and  their  travel 
paths  affect  the  maximum  expected  run-up  at  different  places  around 
the  Pacific  Basin.    Although  data  are  sparse,  run-ups  such  as  those 
observed  in  Japan  and  Hawaii  are  not  expected  in  the  San  Francisco 
Bay  Area. 

An  understanding  of  the  general  properties  of  a  tsunami  will  clarify 
what  potential  damage  it  may  cause  and  how  to  plan  a  disaster-prepared- 
ness scheme.    The  velocity  of  propagation  of  a  tsunami  depends  on  the 
depth  of  water  in  which  it  travels.    Typical  velocities  of  propagation 
in  the  Pacific  Ocean,  where  the  average  water  depth  is  14,000  feet, 
are  kkO  miles  per  hour.    The  distance  between  peaks  of  a  tsunami  is 
usually  between  50  and  150  miles.     The  largest  run-up  of  a  tsunami 
generally  occurs  within  the  first  12  to  2k  hours  after  the  initial  on- 
set, but  the  effect  may  be  observed  for  up  to  one  week  following  this 
initial  disturbance  although  the  waves  are  greatly  attenuated  by  the 
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second  day.    The  period  of  these  later  waves  is  from  5  to  30  minutes, 
and  the  rate  of  change  in  water  level  for  typical  California  records 
at  Crescent  City  is  as  much  as  1  foot  per  minute  for  periods  of  10  min- 
utes during  the  peak  of  the  tsunami  arrivals.    When  tsunamis  impinge 
upon  partly  enclosed  basins  such  as  San  Francisco  Bay,  the  wave  ampli- 
tudes are  attenuated  if  the  period  of  the  basin  is  greater  than  the 
period  of  the  tsunami.     Conversely,  tsunami  wave  amplitudes  are  ampli- 
fied if  the  period  of  the  bay  is  less  than  the  period  of  the  tsunami. 
Inside  San  Francisco  Bay,  tsunamis  are  generally  attenuated  and  have 
had  amplitudes  similar  to  or  less  than  the  normal  tidal  range.  This 
observation  is  supported  by  the  theoretical  calculation  of  the  funda- 
mental east-west  period  of  oscillation  of  San  Francisco  Bay.  Amplitudes 
of  tsunamis  are  inversely  related  to  water  depth.     For  instance,  an 
amplitude  of  2.3  feet  in  14,000  feet  of  water  would  produce  a  wave  height 
of  10  feet  in  a  30-foot  depth  of  water. 

Historical  Tsunami  Data  at  the  Golden  Gate 

Figure  6  shows  the  maximum  run-ups  in  feet  as  recorded  at  the  Presidio 
Tide  Station  and  at  Hilo,  Hawaii.    These  run-ups  are  plotted  as  a 
function  of  average  frequency  per  100  years.    The  maximum  at  Hilo  was 
35  feet  following  the  Chilean  earthquake  in  I960,  and  the  maximum  at 
San  Francisco  was  7.5  feet  following  the  1964  Alaskan  earthquake. 
The  curve  for  run-up  greater  than  7.5  feet  at  San  Francisco  is  pro- 
jected using  the  general  relationship  observed  in  Hilo,  Hawaii.  From 
this  projection,  a  run-up  of  13  feet  may  be  expected  once  per  100 
years  and  a  run-up  of  20  feet  may  be  expected  once  every  200  years. 
The  USGS  has  estimated  that  the  probable  maximum  tsunami  run-up  at 
the  Golden  Gate  will  be  20  feet  (Ritter  and  Dupre,   1972).    The  atten- 
uation of  the  run-up  in  the  bay  will  reduce  the  maximum  run-up  to 
10  feet  at  Potrero  Point  near  22nd  and  3rd  streets  and  2  feet  near 
Alviso  in  the  south  bay.    This  maximum  probable  tsunami  at  the  Golden 
Gate,  although  quite  large  with  respect  to  the  maximum  observed  tsunami 
here,  seems  nevertheless  realistic.     For  example,  the  Hawaiian  Islands 
had  no  large  tsunamis  during  a  period  of  almost  70  years,  but  during 
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the  next  15  years  four  damaging  tsunamis  were  recorded  there.  Con- 
sequently, this  report  recommends  the  use  of  a  20-foot  run-up  as  the 
maximum  probable  tsunami  at  the  Golden  Gate.    Such  a  tsunami  could  be 
disastrous  to  people  and  structures  along  the  shoreline. 

Effects  of  Tsunamis  on  San  Francisco 

Figure  7  shows  the  low-lying  areas  of  the  City  and  County  of  San  Fran- 
cisco that  may  be  inundated  by  a  tsunami  with  a  20-foot  run-up  at  the 
Golden  Gate.    As  part  of  a  disaster-preparedness  warning  system,  the 
following  properties  of  a  tsunami  should  be  made  public  (after  Ritter 
and  Dupre,  1972) : 

(1)  A  tsunami   is  not  a  single  wave  but  a  transient  series  of 
waves.    The  first  wave  is  not  necessarily  the  largest. 

(2)  Swift  current  generated  by  receding  and/or  incipient  tsunamis 
can  damage  moored  boats  and  marinas. 

(3)  Before  a  tsunami  or  after  the  first  wave,  water  may  with- 
draw from  the  coast,  exposing  large  areas  of  the  shore. 
These  exposed  areas  often  attract  people,  who  may  then  be 
trapped  by  the  next  incoming  wave. 

Although  tsunamis  would  generally  be  hazardous  only  in  the  low-lying 
areas  of  San  Francisco,  the  tsunami  early-warning  network  that  has 
been  established  in  the  Pacific  Ocean  should  be  part  of  the  disaster- 
preparedness  system  in  San  Francisco. 

Historical  Seiche  Data 

A  seiche  in  San  Francisco  Bay  due  to  a  local  earthquake  could  cause  sub- 
stantial damage  because  the  whole  bay  rather  than  just  the  area  adja- 
cent to  the  Presidio  may  be  set  in  motion.     In  the  Carnegie  report  on 
the  1906  earthquake  (Lawson,  1908),  the  tide  gauge  at  Fort  Point  near 
the  Golden  Gate  showed  a  draw-down  of  approximately  4  inches  shortly 
after  the  main  shock  of  the  earthquake  sequence.     Several  subsequent 
draw-downs  of  1  to  2  inches  had  a  period  of  recurrence  of  hO  to  ^5 
minutes,  which  agrees  well  with  the  east-west  period  of  seiche  oscilla- 
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tion  of  San  Francisco  Bay  as  calculated  by  the  tidal  division  of  the 
U.S.  Coastal  and  Geodetic  Survey  for  the  Carnegie  report.  Because 
the  1906  earthquake,  with  its  magnitude  of  approximately  8.3,  did  not 
excite  a  large  seiche  in  San  Francisco  Bay,  major  earthquakes  of  the 
type  that  occurred  in  1906  would  not  be  expected  to  excite  destructive 
seiches   in  the  bay.     Although  an  earthquake  with  a  moderate  vertical 
component,  such  as  an  earthquake  on  the  Hayward  fault  system,  might 
occur,  earthquake  records  for  San  Francisco  and  the  Bay  Area  do  not 
indicate  that  a  seiche  from  such  an  earthquake  would  exceed  the  max- 
imum probable  tsunami  run-up. 

The  Effects  of  Seiches  on  San  Francisco 

The  most  likely  generating  mechanism  for  a  seiche  in  the  San  Francisco 
Bay  Area  is  motion  along  one  of  the  major  faults  in  the  Bay  Area,  i.e., 
the  San  Andreas,  Calaveras,  or  Hayward.     Both  seiches  and  tsunamis  are 
generally  created  by  movements  of  the  earth  that  have  a  large  vertical 
component.     Although  the  major  faults  in  the  Bay  Area  are  known  primarily 
for  their  strike-slip,  or  horizontal  motion  parallel  to  the  surface 
trace  of  the  fault,  vertical  movements  perpendicular  to  the  trace  of  the 
fault  may  be  possible,  as  shown  by  the  considerable  apparent  vertical 
displacement  on  the  Hayward  fault  at  the  base  of  the  Berkeley  Hills. 

The  maximum  probable  seiche  in  the  San  Francisco  Bay  would  cause  an 
estimated  10-foot  run-up  on  either  side  of  the  bay.    This  estimate  is 
based  on  very  little  information  besides  a  reasonably  conservative 
evaluation  of  the  San  Francisco  Bay  geometry  and  possible  seiche-gen- 
erating mechanism.     The  effects  of  a  10-foot  seiche  in  the  bay  would 
be  similar  to  those  from  a  tsunami  except  the  period  of  sloshing  of  this 
seiche  from  one  side  of  the  bay  to  the  other  may  be  greater  than  the 
period  expected  from  a  tsunami.     Because  the  probable  seiche-generating 
mechanism  is  due  to  movements  along  the  greater  axis  of  the  bay,  the 
most  probable  sloshing  would  be  in  an  east-west  direction. 

Water  contained  in  the  city  reservoirs  will  be  affected  by  seiche,  or 
sloshing,  during  an  earthquake,  and  some  water  will  probably  be  thrown 
out  of  the  reservoirs.    This  may  cause  minor  damage  but  is  not  consider- 
ed to  be  a  serious  hazard  except  in  the  case  of  tanks  located  above  the 
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ground  surface.  For  these  tanks  there  is  a  structural  hazard  due  to 
seiche,  which  is  discussed  in  Part  II  of  this  report. 
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STRONG  MOTION  INSTRUMENTATION 


As  part  of  the  San  Francisco  Seismic  Safety  Investigation,  the  location 
of  existing  strong  motion  instruments  must  be  defined  and  the  need  for 
additional   instrumentation  evaluated.    A  paper  describes  the  need  for 
seismic  research  on  the  effects  of  earthquakes  on  buildings  and  the 
necessity  for  strong  motion  instrumentation  programs  in  cities  with 
a  seismic  hazard:     It  is  the  Community  Safety  Element  Background  Paper 
No.   1,  "Strong  Motion  Instrumentation,"  of  the  San  Francisco  Department 
of  City  Planning,  which  outlines  the  strong  motion  instrumentation  pro- 
gram for  the  City  of  San  Francisco.    The  paper  contains  a  list  of  re- 
commended future  strong  motion  instrument  sites  and  a  map  showing  lo- 
cations of  existing  instruments.    The  map  and  tabulations  appear  in 
Figure  8  and  Tables  2  and  3,  respectively. 

Locations  of  the  existing  instruments  were  determined  primarily  due 
to  fortuitous  circumstances,  without  achieving  an  optimum  variety  of 
geologic  and  structural  settings.     Formal  criteria  for  locations  of 
new  instrumentation  are  being  developed  at  present.     Preliminary  drafts* 
of  the  proposed  strong  motion  instrument  locations  show  a  good  distri- 
bution of  locations  that  take  geologic  conditions  and  structural  improve- 
ments into  account.    This  instrumentation  program  is  vital  for  collect- 
ing earthquake  data  for  strong  motion  earthquake  analysis  and  seismic 
hazard  abatement  studies. 

Strong  motion  instrument  data  are  necessary  for  determining  the  seismic 
response  of  man-made  structures  to  earthquake- i nduced  seismac  waves. 
Such  recently  gathered  data  have  proved  invaluable  in  estimating  the 
seismic  response  of  future  earthquakes.     In  particular,  seismic  in- 
strumentation is  needed  in  buildings  and  in  free-field  locations  near 
the  hypocenter  surface,  or  point  of  origin  of  the  earthquake. 


*  These  preliminary  drafts  have  been  prepared  by  the  Seismic  Engineer- 
ing Branch  of  the  USGS  assisted  by  the  Structural  Engineers  Associa- 
tion of  Northern  California  (SEANC)  and  the  Seismic  Investigations 
and  Hazards  Survey  Advisory  Committee  (SIHSAC)  subcommittees. 
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Existing  Instrument  Locations  Maintained  by  USGS, 
June  30,  1973 

Proposed  Locations  (SEANC,  Seismic  Instrumentation 
Sub-Committee,  1971) 

Proposed  Array  of  Instruments  (California  Division 
of  Mines  and  Geology,  May  1973) 

Tentative  Proposed  Locations  of  Free-Field  Instruments 
(Instrumentation  Sub-Committee ,  Seismic  Investigation 
and  Hazard  Survey  Committee,  November  1973) 


STRONG-MOTION  INSTRUMENTS  IN  SAN  FRANCISCO 


FIGURE  8 
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TABLE  2 


LOCATION  OF  EXISTING  STRONG-MOTION 
INSTRUMENTS  IN  SAN  FRANCISCO 
MAINTAINED  BY  USGS, 
JUNE  30,  1973 


Name  of  Site/ 

Location/Date  of  Installation 


Address/Station  No. 


Block/Lot  No.  13 


Alexander  Building* 

1.  Basement  11/12/34 

2.  11th  Floor  11/12/34 

3.  16th  Floor  11/12/34 


Bank  of  America 

4.  Basement 

5.  Concourse 

6.  22nd  Floor 

7.  52nd  Floor 

Life  Insurance  Co. 

8.  Basement 

9.  12th  Floor 

Federal  Building 

10.  Sub-basement 


10/22/69 
10/22/69 
10/22/69 
4/27/71 

of  Cal . 
9/ 15/60 
9715/60 


3/29/65 


U.S.  Government  Building 

11.  Ground  Level  9/23/68 

(12.  Ground  Level  9/23/68 

(13.  7th  Floor  11/26/68 

Southern  Pacificf 

14.  Basement  1933 

15.  14th  Floor  1933 

State  Building 

16.  Basement  1933 

Harsh  Investment  Corp. 

17.  Basement  8/19/71 


Shell  Building** 
18.  Sub-basement 


1934 


Golden  Gate  Parktt 
19.    Prayer  Bk.  Cross 

(Vault)  1934 

instruments  replaced  on  2/27/72 

tlnstruments  replaced  on  6/2/69 

**Instruments  replaced  on  8/16/71 

ttlnstruments  replaced  on  10/4/71 


155  Montgomery  St.  288/1 
1065 
1066 
1067 

555  California  St.  259 
1068 
1069 
1070 
1108 

100  California  St.  236/15 
1071 
1072 

450  Golden  Gate  Ave.  764 
1073 

390  Main  Street  3746/1 
1074 

1075  -  Inoperative) 

1076  -  Inoperative) 

1  Market  Street  3713/2 
1078 
1079 

350  McAllister  St.  765 
1080 

450  Sutter  Street  285/6 
1114 

100  Bush  Street  268/4 
1115 

Park  Presidio  Drive  1700 
1117 
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Name  of  Site/ 

Location/Date  of  Installation  Address/Station  No.  Block/Lot  No.  13 


i\ . 

Eastman  Kodak  Co. 

jlju   vail  ricii  nvc. 

tj  i  /  *+ 

20.  Basement 

10/8/71 

11 1  ft 
1  1  1  o 

21.    4th  Floor 

10/8/71 

1119 

L. 

Fireman's  Fund 

3333  California  St. 

1032/3 

22.    B  3 

10/29/71 

1127 

23.    5th  Floor 

10/29/71 

1 128 

M. 

BART:    Ventilation  Structure  &  Tube 

24.    Lower  Vent 

1/28/70 

11 36 

9900 

25.    Sec.  16 

1/28/70 

1137 

26.    Sec.  19 

1/28/70 

1138 

27.    Upper  Vent 

9/10/70 

1 139 

N. 

Hunters  Point 

28.    Islais  Creek 

8/25/70. 

1157 

4502 

0. 

Pacific  Telephone  &  Tel 

egraph 

Pi np  St 

U  U  U       III  IC       O  U  o 

29.  Basement 

12/1/70 

1168 

30.    10th  Floor 

12/1/70 

1161 

31.  Penthouse 

12/1/70 

11 70 

32.    8th  Floor 

2/3/72 

1198 

(Rack) 

33.    16th  Floor 

2/3/72 

1199 

(Slab) 

34.    16th  Floor 

2/3/72 

1200 

(Rack) 

P. 

Pacific  Telephone  &  Tel 

egraph 

333  25th  St. 

6527 

35.  Basement 

6/22/72 

1220 

36.    9th  Floor 

6/22/72 

1221 

1  LL  1 

Q. 

VA  Hospital 

Fort  Mi  1 ev 

1  31  3 

37.  Basement 

6/28/72 

1225 

R. 

Randall  Jr.  Museum 

199  Museum  Way 

2615 

38.    Ground  Level 

7/6/72 

1228 

S. 

Transamerica  Building 

600  Montgomery  St. 

207/26 

39.    3rd  Basement 

3/1/73 

1239 

40.    24th  Floor 

3/1/73 

1240 

41.    49th  Floor 

3/1/73 

1241 

42.    58th  Floor 

3/1/73 

1242 

TABLE  3 


PROPOSED  STRONG-MOTION  INSTRUMENT  LOCATION: 
SEISMIC  INSTRUMENTATION  SUB-COMMITTEE, 
STRUCTURAL  ENGINEERS  ASSOCIATION, 
NORTHERN  CALIFORNIA,  1971 


1.  P.T.&T.  Building 

2.  Bethlehem  Building 

3.  LASH  Warehouse 

4.  Port  of  San  Francisco  Warehouse 

5.  Sewage  Disposal  Plant 

6.  Bank  of  America  Building,  Toland  &  Jerrold 

7.  Golden  Gateway  Residential  Tower 

8.  Alcoa  Building 

9.  Appraisers  Building 

10.  Sutter  Stockton  Garage 

11 .  Fox  Plaza  Building 

12.  Ill  Pine  Building 

13.  P.G.&E.  Building 

14.  The  Corns tock  Apartments 

15.  The  Nob  Hill 

16.  Fontana 

17.  Galileo  High  School 

18.  St.  Mary's  Cathedral 

19.  The  Sequoias 

20.  China  Basin  Building 

21.  Fort  Mason  Building  on  West  Pier 

22.  S.  F.  Sewage  Treatment  Plant 

23.  Post  Office  Rincon  Annex 

24.  Bank  of  America  Service  Center 

25.  Chinese  Cultural  Center 

26.  Otis  Elevator  Building 

27.  Longshoremen's  Building 

28.  Cannery 

29.  Apartment  Building,  1800  Pacific 

30.  NCR  Building 

31.  W.  J.  Lancaster  Building 

32.  Golden  State  Magazine  Building 

33.  Colyear  Motor  Sales 

34.  United  Parcel  Building 

35.  American  Can  Building 

36.  Lincoln  Mercury  Building 

37.  Downtown  Center  Garage 

38.  475  Brannan  Building,  Southern  Pacific  Railroad 

39.  P.T.&T.  Building 

40.  Geneva  Towers 

41.  Visitacion  Valley  Junior  High  School 

42.  University  of  San  Francisco 

43.  Lone  Mountain  College 

44.  Temple  Emanu-El 

45.  Letterman  Hospital,  Presidio 

46.  Polytechnic  High  School 
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47.  Kaiser  Hospital 

48.  Sears  Roebuck  Company 

49.  Sen  1  age  Lock  Company 

50.  Parnassus  Heights  Medical  Building 

51.  Apartment  Building,  75  Buena  Vista  Ave. 

52.  Franklin  Hospital 

53.  New  Mint  Building 

54.  Apartment  Building,  1200  Fulton 

55.  Mt.  Zion  Hospital 

56.  Candlestick  Park 

57.  St.  Joseph's  Hospital 

58.  California  College  of  Podiatric  Medicine 

59.  Immaculate  Conception  Academy 

60.  Scottish  Rite  Temple 

61.  U.C.  Medical  Center 

62.  Abraham  Lincoln  High  School 

63.  Palace  of  the  Legion  of  Honor 

64.  Herbert  Hoover  Jr.  High  School 

65.  Water  Tanks 

66.  Cow  Palace 

67.  Sunset  Towers 

68.  Balboa  High  School 

69.  De  Young  Museum 

70.  City  College  of  San  Francisco 

71.  Medical  Building 

72.  Lutheran  Church 

73.  Safeway  Store  #759 

74.  St.  John's  Armenian  Church. 

75.  Park  Merced  Building  on  Piles 

76.  Park  Merced  Building  on  Spread  Footings 

77.  Film,  TV,  &  Radio  Building,  S.  F.  State  College 

78.  Parking  Garage,  S.  F.  State  College 

79.  Psychology  Building,  S.  F.  State  College 

80.  Joseph  Verducci  Hall,  S.  F.  State  College 

81.  Stones  town  Shopping  Center 

82.  Joseph  Magnin  Store,  Stonestown 

83.  Medical  Building,  Stonestown 

84.  Fort  Funston  or  Police  Target  Range 

85.  Ortega  School 

86.  Lucky  Store 

87.  Pacifica  Motel 

88.  Church  of  the  Holy  Name  of  Jesus  Christ 

89.  St.  Ignatius  College  Preparatory  School 

90.  Olympic  Club  Country  Club 
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RESERVOIR  INUNDATION  AREAS 


General  Statement 

Man-made  reservoirs  which  confine  large  volumes  of  water  in  tanks  above 
the  ground  or  behind  dams  and  embankments  represent  a  potential  hazard 
due  to  possible  earthquake  failure.     In  case  of  failure,  the  released 
water  would  cause  damage  and  might  be  a  hazard  to  human  life.    The  possi- 
ble flood  areas  or  inundation  areas  have  been  delineated  as  part  of  this 
study . 

Earthquake  damage  to  reservoir  embankments  can  be  divided  into  damage 
to  the  embankments  themselves  and  damage  to  embankment  foundations. 
Damage  to  an  embankment  would  consist  mainly  of  slope  failure,  longitu- 
dinal cracking  and  breaking,  and  settlement,  while  damage  to  a  founda- 
tion would  mainly  include  settlement  and  sliding.     Such  earthquake  dam- 
age is  closely  related  to  ground  conditions.     Earthquake  damage  to  cut 
slopes   in  natural  ground  would  consist  of  surface  fissuring  and  cracking 
of  reservoir  walls.    However,  cracking  or  fissuring  of  natural  ground 
would  probably  occur  on  a  small  scale  if  at  all.     Earthquake  damage  re- 
sulting in  failure  of  reservoirs  excavated  in  natural  ground  is  consid- 
ered to  be  unl ikely . 

Based  on  these  modes  of  failure  and  on  engineering  judgment,  the  follow- 
ing categories  were  developed  to  identify  reservoirs  with  a  potential 
earthquake  hazard  and  consequently  to  determine  areas  of  possible  inun- 
dation. 

(1)  Reservoirs  built  above  ground  level 

(2)  Elevated  water  tanks 

(3)  Reservoirs  and  water  tanks  with  storage  capacity  of  one 
million  gallons  or  more  (those  with  a  smaller  capacity 
are  not  considered  to  be  a  significant  hazard). 

Table  k  shows  characteristics  of  reservoirs  and  water  tanks   in  these  cat- 
egories.    (The  Summit,  Potrero  Heights,  College  Hill,  Hunters  Point,  and 
Twin  Peaks  Reservoirs  are  below  ground  surface,  are  not  confined  by  dams 
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or  embankments  but  by  natural  ground,  and  are  therefore  not  considered 
subject  to  earthquake  failure.)    Areas  of  inundation  due  to  earthquake 
damage  to  reservoirs  and  water  tanks  are  illustrated  in  Figure  9.  Note 
that  some  of  the  inundation  areas  were  determined  by  the  San  Francisco 
City  Water  Department  and  are  so  indicated  in  Table  A.    Areas  of  inun- 
dation as  shown  were  based  on  the  "Method  2  for  Determination  of  Inun- 
dation Areas,"  developed  by  the  Department  of  Water  and  Power  of  the 
City  of  Los  Angeles.     Figure  9  does  not  indicate  flow  depths  within  the 
potential   inundation  areas.     Determination  of  flow  depths  would  require 
information  that  is  beyond  the  scope  of  this  study,  e.g.,  stability  ana- 
lyses of  reservoir  embankments,  vibration  analyses  of  elevated  water 
tanks,  and  an  extensive  field  investigation  of  the  inundation  areas. 
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TABLE  4 

CHARACTERISTICS  OF  RESERVOIRS  AND  TANKS  USED 
TO  DETERMINE  INUNDATION  AREAS 


Name 


Locati  on 


Elevation 
(ft  above  msl) 


Capacity 
(m.g.) 


Full  Depth 
of  Water 
(ft) 


Material 


Cut 
or 
Fill 


Lombard 
Street 
Reservoi  r 

Merced 
Manor 
Reservoi  r 

Stanford 
Heights 
Reservoir* 

Sunset 
Reservoir* 


Sutro 
Reservoi  r* 


University 

Mound 
Reservoir* 

McLaren 
Park 
Tank 


Greenwich 
& 

Hyde 
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& 
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*   Areas  of  inundation  determined  by  the  San  Francisco  City  Water  Department 
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SUBSIDENCE 


General  Statement 

Subsidence  of  the  ground  surface  is  a  common  phenomena,  particularly 
long-term  settlement  which  takes  place  over  many  years.  However, 
strong  ground  motion,  such  as  that  from  major  earthquakes,  may  cause 
rapid  and  uneven  local  settlement  of  the  ground  surface.     Such  sub- 
sidence has  occurred  in  San  Francisco,  most  notably  in  the  1  906  earth- 
quake.    Subsidence  damages  structures  because  of  the  uneven  and  rapid 
nature  of  the  settlement.     In  San  Francisco,  the  hazard  area  is  largely 
restricted  to  areas  of  reclaimed  land  along  the  eastern  waterfront 
where  artificial  fills  are  underlain  by  compressible  bay  muds  and  low- 
density  sand. 

Observed  Subsidence  in  San  Francisco 

There  are  several   reports  of  subsidence  in  San  Francisco  caused  by  the 
1906  earthquake  (Lawson,  1 908 ) .    Many  of  these  reports  were  given  in 
terms  of  the  visual  surface  damage  and  were  not  investigated  thoroughly 
because  evidence  was  destroyed  by  the  fire  following  the  earthquake. 
The  area  surrounding  the  Ferry  Building,  at  the  foot  of  Market  Street, 
was  emphasized  in  the  Carnegie  report.    This  is  a  district  of  "made" 
land  (reclaimed  by  filling  shallow  water  and  marsh  areas)   in  which  a 
great  deal  of  damage  was  caused.    Although  the  Carnegie  report  implies 
that  much  of  this  damage  was  due  to  strong  vibratory  shaking,  an  analysis 
of  the  eyewitness  accounts  and  the  subsequent  studies  of  surviving 
structures  indicate  that  most  of  the  damage  in  the  made  area  of  downtown 
San  Francisco  was  due  to  subsidence  and  other  forms  of  soil  failures. 
The  Carnegie  report  concludes  by  commenting:     "This  investigation  has 
clearly  demonstrated  that  the  amount  of  damage  produced  by  the  earthquake 
of  April   18  in  different  parts  of  the  City  and  County  of  San  Francisco 
depended  chiefly  upon  the  geological  character  of  the  ground.  Where 
the  surface  was  of  solid  rock,  the  shock  produced  little  damage;  whereas 
upon  'made'   land,  great  violence  was  manifested.    Other  conditions,  how- 
ever, exerted  a  controlling  influence."     In  support  of  this  statement, 
examples  are  given  in  this  report  to  emphasize  that,  despite  the  great 
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intensity  of  motion  observed  near  the  waterfront,  first-class  modern 
buildings  built  upon  deep  piling  or  grillage  foundations,  such  as  the 
Ferry  Building,  were  not  significantly  damaged.    However,  buildings 
constructed  without  adequate  foundation  preparation  were  seen  to  suffer 
extensive  damage  no  matter  how  carefully  the  building  itself  was  con- 
structed.   A  classic  example  of  survivability  during  a  major  earthquake 
in  the  filled  land  in  downtown  San  Francisco  is  given  by  the  cable-car 
system  on  lower  Market  Street.     Because  of  a  known  tendency  for  differ- 
ential settlement,  caused  by  poor  foundation  materials  throughout  the 
whole  area,  the  cable-car  conduits  were  constructed  upon  piling  to  secure 
the  grade.     After  the  earthquake,  the  street  sank  on  both  sides  of  these 
conduits  by  as  much  as  two  feet,  causing  subsequent  breaking  and  fissur- 
ing  of  the  pavement  but  leaving  the  conduits  intact. 

Other  examples  of  subsidence  and  major  earthquakes  around  the  world, 
such  as  in  the  1 SGO  Chilean  earthquake,  the  \S6k  Alaskan  earthquake, 
and  the  Niigata  (Japan)  earthquake  of  1964,  have  underlined  the  necessi- 
ty for  comprehensive  subsurface  analysis  and  preparation  prior  to  the 
construction  of  major  facilities. 

Effects  on  Structures 

Subsidence  often  results  in  what  is  called  differential  settlement  of 
engineering  structures.     Facilities  that  span  large  distances,  such  as 
bridges  and  roads,  and  large  structures  that  are  underlain  by  soils  of 
varying  compaction  characteristics  are  particularly  susceptible  to  dam- 
age from  subsidence.     For  instance,  the  abutments  for  a  bridge  are  fre- 
quently supported  on  piling.     Under  strong  shaking  they  will  generally 
remain  in  place  while  adjacent  backfill  materials  under  the  bridge 
approaches  will  subside.     Sometimes  buildings  will  settle  at  one  corner 
or  along  one  side,  causing  extensive  cracking  or  tilting.     Dams  have 
also  been  known  to  subside  unevenly,  and  the  resulting  differential 
settlement  can  cause  serious  cracking. 

The  Subsidence  Hazard  in  San  Francisco 

Extensive  damage  from  subsidence  occurred  in  downtown  San  Francisco  in 
the  1906  earthquake.     The  foundation  materials  in  which  the  subsidence 
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occurred  are  still  present  and  are  capable  of  additional  subsidence 
under  strong  earthquake  motion. 

Earthfill  construction  procedures  and  building  foundation  design  tech- 
niques have  improved  greatly  since  1906  so  that  modern  major  construc- 
tion is  probably  reasonably  safe.     Buildings  in  areas  subject  to 
liquefaction  or  subsidence  hazard  are  now  usually  designed  so  that  they 
are  highly  resistant  to  such  ground  failure.     For  example,  most  large 
buildings  built  on  soft  soil  are  supported  by  pilings  or  by  basements 
and  foundations  that  extend  beneath  the  soft  soils.     However,  subsidence 
potential   is  a  continuing  hazard  for  many  older  buildings.     In  general, 
the  areas  shown  on  Figure  10  are  those  most  susceptible  to  subsidence 
of  the  ground  surface  under  strong  ground  motion.    As  delineated,  the 
region  comprises  those  low-lying  filled  areas  in  the  eastern  portion 
of  the  city  in  which  the  fill   is  either  known  to  have  subsided  in  the 
past  or  is  expected  to  subside  because  of  underlying  compressible  bay 
muds  . 

In  addition  to  the  outlined  area  of  major  potential  subsidence  hazard, 
there  are  no  double  small   isolated  local  hazard  areas  throughout  the 
rest  of  the  city,  such  as  artificial  fill  areas  constructed  with  ex- 
tremely compressible  materials  or  small  areas  of  very  loose  uncompacted 
dune  sands.     However,  these  are  not  expected  to  constitute  a  significant 
hazard  except  perhaps  to  one  or  two  buildings  in  each  area.     On  the 
other  hand,  the  major  hazard  areas  are  known  to  incorporate  small  loca- 
tions in  which  careful  preparation  of  foundation  materials  had  been 
undertaken  or  in  which  settlement  has  already  occurred,  thereby  pre- 
cluding any  additional  subsidence  under  earthquake  loading.     Neither  of 
the  above  exceptions  to  the  mapping  of  hazard  areas  created  sufficient 
variation  to  justify  any  refinement  of  Figure  10. 
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IMPACT  OF  GEOLOGIC  HAZARDS  ON  LAND-USE  POLICY 


General  Statement 

Comprehensive  evaluation  of  geologic  hazards  can  provide  a  basis  for 
detailed  land-use  planning  that  will  help  minimize  human  fatalities 
and  economic  loss  in  future  earthquakes.     Land-use  considerations 
must  consider  an  acceptable  level  of  risk  versus  cost  of  available 
aseismic  procedures,  and  the  relative  degrees  of  hazard  should  be 
correlated  with  nongeologic  considerations.    The  following  general 
discussion  of  the  impact  of  geologic  considerations  on  land  use  is 
based  on  the  earlier,  more  detailed  descriptions  of  geologic  hazards 
in  this  report. 

The  primary  hazard  to  human  life  is  not  directly  due  to  such  earth- 
quake effects  as  ground  shaking  or  ground  failure  but  to  collapse  of 
or  damage  to  man-made  structures.     Therefore,  population  density  and 
the  structural  analysis  of  buildings  are  the  primary  indicators  of 
r i  sk  to  human  1 i  fe. 

The  effect  of  most  geologic  hazards  on  buildings  can  be  compensated 
for  by  engineering  design  procedures:     regardless  of  their  height, 
most  structures  can  be  appropriately  designed  for  almost  any  site. 
However,  the  hazards  of  surface  fault  rupture  and  uncorrectable 
landsliding  cannot  be  eliminated  by  design  procedures,  and  land  use 
of  areas  subject  to  such  hazards  must  be  unequivocally  restricted. 
Because  there  are  no  known  active  faults  in  San  Francisco,  there 
are  no  hazard  areas  due  to  possible  fault  rupture,  but  there  are 
many  hazardous  and  precarious  sites  in  San  Francisco  that  might  be 
subject  to  landsliding  during  a  future  major  earthquake.  Construction 
on  sites  with  severe  landslide  hazard  can  be  avoided  by  building 
code  regulations.     Such  regulations  would  require  sites  situated  in 
landslide-prone  areas  to  be  evaluated  for  landslide  hazards  by  com- 
petent  licensed  professionals  before  a  building  permit   is  issued. 

Building  codes  are  an  important  means  for  implementing  rational  land- 
use  procedures.     Varying  degrees  of  sophistication  in  preliminary 
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geologic  and  engineering  evaluation  can  be  incorporated  into  build- 
ing code  requirements  to  make  them  appropriate  to  types  of  proposed 
land  use  and  to  the  varying  degrees  of  geologic  hazard  present  in 
different  areas  of  the  city. 

Building  code  provision  must  consider  both  the  geologic  hazards  and 
the  proposed  use  of  a  specific  site.    Various  uses  might  involve  build- 
ings of  different  construction  type,  different  heights  and  occupancy 
rates,  and  special  uses.    The  last  category  of  buildings  includes  those 
that  house  public  safety  facilities,  such  as  police  and  fire  departments, 
those  that  house  involuntary  occupants  such  as  hospital  patients,  school 
children,  the  aged,  or  prisoners,  and  important  distribution  facilities 
that  house  utilities  or  communications  networks. 


Professional  earth  science  consultants  make  an  important  contribution 
to  effective  and  workable  control  of  land  use,  but  in  many  cases  the 
uncertainties  involved  in  geologic  hazard  appraisal  such  as  landslide 
evaluation  expose  consultants  to  extremely  high  liability  risks.  The 
cost  of  excessively  high  liability  risks  may  be  passed  on  to  the  builder 
and  developer.    Under  such  conditions  consultants  may  elect  to  avoid 
certain  types  of  geologic  hazard  evaluation  or  they  might  be  compelled 
to  resort  to  unrealistic  and  excessively  conservative  procedures. 
Therefore,  measures  intended  to  limit  or  distribute  such  liability 
should  be  supported  by  local  government. 

Ground-Shaking  Hazard 

Seismic  hazard  from  ground  shaking  due  to  a  future  major  earthquake 
is  by  far  the  most  serious  hazard  to  the  City  of  San  Francisco.  Al- 
though ground  shaking  would  affect  all  parts  of  the  city,  destruction 
caused  by  shaking  would  be  concentrated  among  weak,  poorly  constructed, 
and  poorly  designed  buildings. 

Because  engineering  design  and  construction  procedures  that  minimize 
possible  structural  damage  due  to  ground  shaking  are  available,  re- 
strictive  zoning  is  not  necessary  or  helpful  for  minimizing  ground- 
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shaking  damage.     In  other  words,  the  degree  of  safety  that  can  be 
achieved  through  careful  engineering  design  procedures  is  probably 
equal  to  the  degree  of  safety  that  could  be  achieved  by  restrictive 
zoning. 

The  different  areas  shown  on  the  map  of  ground-shaking  intensity 
(Figure  3)   illustrate  the  relative  hazards  throughout  San  Francisco 
due  to  ground  shaking.     An  adequate  safety  factor  against  ground- 
shaking  hazard  would  be  to  incorporate  requirements  into  the  building 
code  that  ensure  suitable  aseismic  design  of  structures.    The  geo- 
logic factors  that  should  be  considered  are  the  various  zones  of  ground- 
shaking  intensity  shown  in  Figure  3  and  the  type  of  building  proposed 
for  construction.     Adequate  aseismic  design  can  be  achieved  for  many 
structures  by  using  building  codes  similar  to  those  now  in  use.  How- 
ever, in  the  case  of  important  structures  with  a  large  potential  for 
loss  of  lives  and  economic  loss,  special  soils  engineering  and  geo- 
logic investigations,  including  subsurface  exploration  by  drilling, 
should  be  required.     An  example  of  such  a  structure  would  be  a  high- 
rise  office  building  located  near  the  waterfront  in  an  area  of  vio- 
lent, or  B,  shaking  intensity.    An  important  part  of  these  investiga- 
tions would  be  evaluation  of  the  predominant  period  of  ground  shaking 
as  determined  by  soil  depth  and  soil  type  and  its  relationship  to  the 
predominant  period  of  the  building. 

An  example  of  a  situation  involving  intermediate  ground-shaking  hazard 
would  be  a  building  of  approximately  four  stories  high  located  in 
an  area  of  strong,  or  D,  intensity  of  ground  shaking.     In  such  a  case, 
the  requirements  for  geologic  and  soils  engineering  investigations 
could  be  less  stringent.    An  example  of  low  ground -shak i ng  hazard 
would  be  a  single  story,  wood-frame  residence  in  an  area  of  weak,  or 
E,  ground-shaking  intensity.     In  this  case,  suitable  aseismic  design 
should  result  from  provisions  of  a  building  code  similiar  to  that  in 
use  today,  and  no  special  geologic  or  soils  investigations  would  be 
necessary. 
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Landslide  Hazard  Impact 

Landslide  hazard  areas,  as  shown  in  Figure  4,  were  derived  primarily 
from  study  of  known  distribution  of  landslides  and  consideration  of 
distribution  of  geologic  formations  and  of  topographic  configuration. 
Recent  work  by  Wright  and  Nilsen  (197*0  on  landslide  distribution  in 
the  southern  San  Francisco  Bay  region  has  also  been  considered. 

A  landslide  appraisal  by  an  earth-science  consultant  should  be  re- 
quired for  any  proposed  land  use  within  the  landslide  hazard  areas. 
Although  there  can  be  no  assurance  that  all  future  landslides  will 
occur  within  the  hazard  areas  and  that  none  will  occur  outside  of 
these  areas,  observance  of  some  precautions  within  the  outlined  areas 
constitutes  a  reasonable  approach  to  minimizing  this  hazard.  Excep- 
tional sites  lying  outside  the  hazard  areas,  where  local  steeply  inclin- 
ed slopes  or  other  conditions  clearly  indicate  that  the  area  would  re- 
quire landslide  appraisal  before  development,  should  be  required  by  an 
appropriate  city  agency  to  undergo  landslide  appraisal. 

The  thoroughness  of  landslide  appraisal  would  vary  depending  on  the 
characteristics  of  the  site  and  the  importance  of  the  structure.  This 
might  be  determined  by  the  recommendations  of  the  earth  science  consul- 
tant, subject  to  approval  by  the  city. 

Liquefaction  Hazard  Impact 

An  appraisal  of  liquefaction  hazard  by  an  earth  science  consultant 
should  be  required  for  any  construction  project  within  the  areas  of 
liquefaction  hazard  shown  in  Figure  5.    The  thoroughness  of  this 
appraisal  should  depend  primarily  on  the  importance  of  the  structure 
because  it  is  difficult  to  estimate  relative  susceptibility  to  lique- 
faction by  surficial  examination  of  a  site.    A  similiar  appraisal 
should  be  required  for  important  or  special  use  structures  located  in 
other  areas  of  the  city  on  materials  other  than  bedrock. 

Tsunami  Hazard  Impact 

As  shown  on  the  map  of  possible  tsunami  inundation  (Figure  7),  the  areas 
of  San  Francisco  that  might  be  affected  by  a  tsunami  are  relatively 


-  50  - 


small.     The  size  of  the  tsunami  modeled  on  the  map  is  equivalent  to  a 
20-foot  rise  in  water  level  at  the  Golden  Gate,  which  is  conservative. 
The  probability  of  this  type  of  tsunami  occurring  is  much  less  than  the 
probability  of  a  major  earthquake  occurring. 

Because  the  advancing  ocean  wave  would  be  restricted  upon  reaching  the 
Golden  Gate,  damage  due  to  wave  action  is  not  considered  likely  to  be 
a  major  factor.     Damage  due  to  inundation,  however,  would  be  severe, 
and  planning  for  possible  tsunami  inundation  should  include  the  effect 
of  inundation  upon  public  safety  facilities  within  the  inundation  areas. 

The  tsunami  warning  system,  combined  with  an  appropriate  plan  of  action, 
should  minimize  possible  loss  of  life  due  to  tsunami   inundation.  Tsu- 
nami effects  are  not  considered  to  pose  a  serious  hazard  to  structural 
integrity  of  the  larger  buildings  within  the  inundation  area. 

Impact  of  Inundation  Due  to  Reservoir  Failure 

Areas  of  San  Francisco  that  would  be  inundated  as  a  result  of  failure 
of  reservoirs  are  shown  in  Figure  3.     This  map  does  not  imply  that  res- 
ervoir failure  is  anticipated  during  a  future  major  earthquake.    On  the 
contrary,  present  construction  procedures  and  review  requirements  relat- 
ing to  safety  of  dams  and  reservoirs  are  considered  to  provide  an  ade- 
quate factor  of  safety  against  reservoir  failure  during  an  earthquake. 
However,   if  due  to  some  unforeseen  circumstance  a  reservoir  should  show 
signs  of  possible  weakening,  the  definition  of  inundation  areas  would 
make  it  possible  to  plan  a  warning  system  to  alert  persons  whose  safety 
might  be  threatened. 

Subsidence  Hazard  Impact 

Areas  of  San  Francisco  with  a  potential  subsidence  hazard  are  shown  in 
Figure  10.     The  most  severe  subsidence  hazard  is  along  the  eastern  mar- 
gin of  the  city  where  old,  man-made  fills  rest  on  marshlands  and  bay  mud. 
Aside  from  this  region,  subsidence  due  to  vibratory  dens i f i cat  ion  of 
granular  material,  such  as  the  dune  sands  that  are  prevalent  in  San 
Francisco,  might  occur  if  there  are  locations  where  heavy  structures  have 
been  placed  on  sands  of  low  to  medium  relative  density. 
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It  is  recommended  that  an  appraisal  of  subsidence  hazard  be  required 
for  most  projects  involving  land  use  within  the  area  of  potential  sub- 
sidence hazard  shown  in  Figure  10.     Some  projects  that  might  be  excepted 
from  this  requirement  would  be  ground-level  parking  lots,  single-story, 
lightweight  warehouse  structures,  or  other  lightweight  buildings  with 
low  occupancy.     High-rise  structures  or  special  buildings  such  as  hos- 
pitals, schools,  or  public  safety  facilities  might  be  required  to  pro- 
vide appraisal  of  subsidence  hazard  in  parts  of  San  Francisco  outside 
the  area  shown  in  Figure  10  if  special  conditions  suggesting  subsidence 
hazard  appear  to  exist. 
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INTRODUCTION  TO  PART  II 


Part  II  presents  results  of  a  study  conducted  by  URS/John  A.  Blume  S 
Associates,  Engineers,  to  identify  and  evaluate  structural  hazards 
during  severe  earthquake  motion  within  the  city  and  county  of  San 
Francisco.    This  work  was  conducted  for  the  Department  of  City  Plan- 
ning of  San  Francisco  under  contract  to  the  city  of  San  Francisco. 
A  parallel  study,  presented  in  Part  I,  was  carried  out  on  geologic  and 
seismologic  factors  of  earthquake  hazards,  and  the  work  of  the  two  stud- 
ies was  carefully  integrated.     Part  II  will   include  the  problem  of  com- 
binations of  hazards  --  geologic  and  structural. 

The  greatest  hazard  in  San  Francisco  is  that  of  buildings  being  damaged 
and  destroyed  from  the  shaking  of  the  ground  in  a  violent  earthquake 
such  as  occurred  on  April   18,  1906.     There  are,  however,  other  hazards 
such  as  those  resulting  from  smaller  but  destructive  earthquakes  that 
have  a  greater  probability  of  occurrence  than  the  1906  type.     There  is 
also  the  hazard  of  damage,  failure,  or  loss  of  function  of  structures 
and  systems  other  than  buildings,   including  reservoirs,  elevated  free- 
ways, bridges,  utility  systems,  and  storage  tanks.     In  addition,  there 
are  secondary  effects  such  as  fire,  panic,  and  disease,  which  have  been 
experienced  in  the  past  after  various  earthquakes. 

The  main  thrust  of  this  study  has  been  directed  at  estimating  damage  to 
existing  buildings  in  present-day  San  Francisco  that  may  result  from  a 
hypothetical   repetition  of  the  8.3  magnitude  1906  earthquake  originating 
on  the  San  Andreas  fault.     However,  lesser  earthquakes  and  also  other 
structures  and  systems  are  considered  as  well.     The  building  study  was 
intensive  but  limited  to  the  use  of  building  data  provided  by  the  City 
Assessor's  Office.     In  other  words  this  work  is  statistical   insofar  as 
specific  building  data  are  concerned.     Except  in  a  few  trial  cases,  build- 
ings were  not  inspected  nor  were  their  plans  or  details  studied.  No 
structural  computations  were  made  for  specific  buildings.     A  great  deal 
of  effort  was  expended  in  considering  the  types  of  buildings  in  the 
city,  how  these-  types  have  performed  in  other  earthquakes,  and  how 
variations  from  the  types  that  have  been  subjected  to  damaging  earth- 
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quakes  might  be  expected  to  perform  in  view  of  theory  and  empirical  data. 
(The  word  "types"  in  this  sense  involves  structural,  architectural,  and 
functional  considerations  as  well  as  age  and  the  design  basis,  if  any, 
for  earthquake  motion.) 

The  basic  presentation  on  estimated  building  damage  is  on  one  map, 
Figure  A,  which  shows  estimated  building  damage  levels  for  a  1906-type 
earthquake.     The  report  describes  the  basis  for  and  the  limitations  of 
this  map,  and  it  is  essential  that  the  text  be  read  for  the  proper  use 
and  interpretation  of  the  damage  estimates. 

Also  shown  are  two  other  maps  for  pre-code  type  C  buildings  in  San  Fran- 
cisco, defined  herein  as  masonry  or  cone rete-wal led  buildings  with  wood 
floors  and  roof,  built  before  19^8.     Figure  B  shows  residential  pre- 
code  type  C  living  unit  density  on  a  block-by-block  basis.     Figure  C 
shows  pre-code  type  C  nonresidential  buildings  on  a  block-by-block  basis. 

The  estimates  of  damage  levels  were  made  carefully  in  the  best  state 
of  the  art  manner  and  as  well  as  possible  under  the  scope  of  the  con- 
tract and  the  availability  of  data.    The  estimates  should  not  be  con- 
sidered predictions.     With  changes  in  San  Francisco  buildings,  more 
data  on  earthquakes,  and  improvements  in  technology,  the  estimates 
should  be  revised  sometime  in  the  future. 
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ON  EARTHQUAKE  MOTION  AND  DAMAGE 


Earthquake  motion  can  cause  damage  of  various  types  and  degrees.  The 
damage  may  be  all  structural   in  the  sense  that  only  man's  structures 
are  involved,   it  may  be  geologic  where  soils  fail   in  various  ways,  or 
there  may  be  combinations  of  structural  and  geologic  failures. 

Earthquake  motion  may  be  categorized  into  creep,  permanent  displace- 
ment, or  vibration.     Creep  and  permanent  displacement  generally  have 
no  effect  on  structures  except  those  located  directly  over  a  moving 
fault.    The  San  Andreas  fault,  which  caused  the  earthquake  of  1906,  lies 
under  the  ocean  opposite  San  Francisco.     Because  there  are  no  active 
faults  within  the  San  Francisco  city  limits,  only  vibratory  motion  is 
of  concern. 

Vibratory  motion  would  affect  all  of  San  Francisco.     Every  object  and 
structure  would  be  subject  to  seismic  motion  ranging  to  violent  in 
severe  earthquakes.     The  small   1957  Daly  City  earthquake  had  a  Richter 
scale  magnitude  of  5-3  and  caused  about  a  million  dollars  of  known  dam- 
age.    It  was  felt  over  all  San  Francisco.    However,  that  motion  was  quite 
mild  compared  to  that  of  local  earthquakes  having  magnitudes  of  6  to  8 
or  more,  which  are,  of  course,  possible  at  any  time.    The  vibratory 
motion  of  the  ground  will  vary  greatly  in  degree  and  in  frequency  con- 
tent throughout  San  Francisco,  which  has  soil  conditions  ranging  from 
deep  deposits  of  soft  mud  and  fill  to  rock.     Part  I  of  this  report 
discusses  the  various  solid  conditions  and  the  shaking  intensities  of 
the  1906  earthquake. 

As  the  ground  moves  back  and  forth  it  causes  buildings  to  respond  in 
a  manner  that  is  dependent  in  a  complex  way  upon  the  building  character- 
istics as  well  as  the  ground  motion  characteristics.  Forces  are  induced 
by  the  tendency  to  resist  motion,  and  these  forces  in  turn  cause  stress- 
es and  strains  throughout  each  building.  If  the  stresses  are  great  enough, 
damage  starts  to  occur.  If  the  strong  motion  continues,  the  outcome  de- 
pends upon  the  structure's  capacity  to  absorb  further  distortion  without 
collapse.     Some  buildings  have  great  ductility  or  toughness  and  can  resist 
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continued  strong  motion  after  initial  distress,  while  others  may  be 
strong  but  brittle  and  sustain  very  little  additional  motion  after 
fai lure  has  begun . 

History  has  shown  that  in  general  small  wood-frame  buildings  with  many 
partitions  such  as  those  in  most  San  Francisco  residential  buildings 
have  good  earthquake  resistance  even  though  they  move  a  great  deal  and 
sustain  damage.     They  rarely  collapse  if  well  built.     History  has  also 
shown  that  most  pre-seismic  code  type  C  (now  called  type  3)  buildings 
of  unreinforced  masonry  or  concrete  bearing  walls  with  wood  floors 
and  roof  systems  inadequately  connected  to  the  walls  have  poor  resis- 
tance.    There  are  many  of  these  in  San  Francisco  that  were  built  prior 
to  the  first  seismic  codes  of  1948.     Buildings  of  all  types  constructed 
under  modern  seismic  codes  are  expected  to  perform  well,  although  it 
must  be  recognized  that  some  damage  is  expected  and  that,  because  of 
variations  and  complexities,  not  all  will  perform  well. 

San  Francisco  Buildings  in  1906 

Although  there  was  extensive  damage  to  San  Francisco  buildings  from  the 
1906  earthquake  of  8.3  magnitude,  photographs  taken  before  the  ensuing 
fire  spread  show  that  many  structures  were  not  damaged  severely.  Those 
buildings  that  collapsed  were  not  what  are  here  termed  major  structures, 
those  of  many  stories,  or  of  large  area. 

A  document  and  photograph  study  of  the  major  San  Francisco  buildings 
subjected  to  the  1906  earthquake  indicated  that  most  of  them  were  put 
back  into  service  in  spite  of  both  the  earthquake  and  the  fire.  Many 
are  in  service  today,  including  the  Claus  Spreckels  building,  the  Ferry 
building,  the  Flood  building,  the  Emporium,  the  Post  Office  at  7th  & 
Mission  Streets,  the  Fairmont  Hotel,  older  portions  of  the  St.  Fran- 
cis Hotel,  the  old  Mint,  the  Rialto  building,  the  older  portion  of  the 
Mills  building,  the  Monadnock  building,  and  others.     Notable  exceptions 
were  the  old  City  Hall,  the  Majestic  Theatre,  and  the  original  Palace 
Hotel  which  was  a  very  strong  class  C  building.     The  Palace  Hotel  with- 
stood the  earthquake  quite  well  only  to  be  burned  out  in  the  days  foll- 
owing.    Of        completed  major  pre-1906  earthquake  San  Francisco  build- 
ings, 38  were  put  back  into  use  after  repairs.     In  addition,  there 
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were  7  major  buildings  under  construction  in  April  1906,  all  of 
which  were  finally  completed  and  put  into  service. 

The  records  show  that  today  there  are  over  25,000  San  Francisco  build- 
ings still  in  service  that  survived  the  1906  earthquake  and  fire.  The 
number  would  be  much  greater  if  the  fire  had  not  occurred. 

Further  information  of  interest  is  that,  of  a  population  of  about  400,000 
the  estimated  dead  from  all  causes  was  only  700  to  800.     Of  course, 
if  the  earthquake  had  occurred  at  a  busy  time  of  day  rather  than  early 
in  the  morning  the  number  of  deaths  would  have  been  substantially  great- 
er. 

In  estimating  damage  to  San  Francisco  from  future  great  earthquakes, 
many  factors  must  be  considered  besides  those  pertinent  to  the  1906 
earthquake.    Not  only  is  the  population  greater  now  but  there  are  many 
more  buildings,  and  many  are  in  different  parts  of  the  city  than  in  1906. 
The  structures  are  of  different  types,  and  all  current  types  are  not 
necessarily  more  earthquake-resistant.    There  are  higher  buildings  today 
and  there  is  much  greater  concentration,  especially  in  the  financial 
and  downtown  shopping  areas.    One  must  also  consider  what  has  happened, 
and  has  not  happened,  in  all  the  other  earthquakes  in  the  United  States 
and  elsewhere  since  1906.     Insofar  as  possible,  theory  must  also  be 
introduced  but  only  with  the  exercise  of  sound  professional  judgment 
based  upon  current  empirical  and  scientific  knowledge.     Experience  in 
1906,  and  elsewhere,  must  be  carefully  weighed  and  adjusted  as  necessary 
for  current  conditions  in  San  Francisco. 

Regardless  of  all  these  and  other  considerations,  the  fact  remains  that 
we  do  have  at  least  general  knowledge  of  how  many  buildings  performed 

JL 

in  1906  under  an  earthquake  similar    to  the  one  with  which  we  are  now 
concerned.     None  of  these  buildings  was  designed  under  a  seismic  code. 
In  fact,  San  Francisco's  first  official  seismic  code  did  not  come  into 
effect  unti 1  1 9^8. 


No  two  earthquakes  are  quite  the  same.  There  are  so  many  random  vari- 
ables involved  in  factors  that  affect  building  performance  that  varia- 
tions in  performance  are  to  be  expected. 
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However,  many  of  the  major  1906  buildings  were  designed  for  wind  for- 
ces, in  some  cases  of  a  substantial  amount,  greater  than  used  here  to- 
day.   Many  of  the  tall  buildings  had  substantial  riveted  steel  frames 
designed  by  engineers  of  good  judgment.     Perhaps  the  outstanding  fea- 
ture of  the  old  San  Francisco  buildings  was  that  most  had  heavy  filler 
walls  of  masonry  and  partitions  of  tile  or  masonry  that  were  not  con- 
sidered as  part  of  the  structural  system.    Although  these  nonstructural 
elements  added  much  weight,  they  also  imparted  strength  well  beyond 
that  required  to  resist  the  wind. 

A  detailed  study  (Blume,  I960)  has  shown  that  there  is  a  great  differ- 
ence in  the  structural  dynamic  characteristics  of  traditional  buildings 
and  those  of  contemporary  buildings.    Although  the  contemporary  build- 
ings have  the  advantages  of  seismic  design,  lighter  materials,  and 
better  control  of  both  design  and  construction,  they  generally  lack 
the  sometimes  great  advantages  of  the  nonstructural  or  nonca lcul ated 
materials  and  elements.    Thus  it  cannot  be  said  that  contemporary  build- 
ings are  all  stronger  or  more  earthquake-resistant  than  the  1906  build- 
ings.    Some  are  weaker  and  more  flexible  although  in  general  their  ele- 
ments are  interconnected  better  and  are  lighter  weight. 

An  Example  Bui lding 

Detailed  analyses  and  many  observations  have  been  made  of  a  San  Fran- 
cisco 15-story  building  that,  although  constructed  two  decades  after 
1906,  has  in  general  the  characteristics  of  the  1906  skyscrapers,  of 
which  the  tallest  was  only  19  stories.    The  building  is  narrow,  it  has 
a  riveted  steel  frame  designed  for  wind  forces  but  surrounded  with  un- 
reinforced  brick  masonry.     It  has  concrete  floors,  stairways,  and  fire- 
proofing,  and  it  has  many  hollow  tile  partitions.     It  can  be  used  as  a 
valuable  link  between  1906  performance  and  current  estimates  of  future 
performance.    Any  method  of  damage  estimation  should  indicate  results 
for  this  building  similar  to  what  happened  to  the  tall  buildings  in 
1906.     This,  of  course,  assumes  a  similar  earthquake  --  a  necessary  but 
not  quite  valid  assumption.     This  example  building  has  been  extensive- 
ly treated  in  the  technical   literature  (Blume  and  Hesselmeyer,  193^; 
Blume,  1956,  I960;  Hudson,  I960;  Jacobsen  and  Ayre,  1938). 
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The  building  was  designed  for  20  pounds  per  square  foot  (psf)  wind 
force,  all  taken  in  the  exterior  steel  framing.    This  design  would 
have  less  value  than  current  seismic  provisions  would  require.  Al- 
though the  predicted  ground  motion  for  a  1906  type  earthquake  would 
produce  lateral  forces  of  many  times  even  the  code  value,  there  are 
three  reasons  why  this  building's  predecessors  survived  in  1906: 

(1)  the  great  strength  and  rigidity  of  the  noncal cu lated  elements, 

(2)  the  cracking,  breaking,  and  grinding  of  these  elements  and  the 
energy  thus  absorbed,  and  (3)  the  toughness  of  the  steel  frames  in 
holding  the  elements  essentially  in  place  and  resisting  in  their 
inelastic  range  beyond  the  yield  point. 

It  is  estimated  for  the  example  building  that  the  lateral  force 
needed  to  start  to  crack  the  brick  filler  walls  would  be  about  the 
code  force.    This  could  be  greatly  exceeded  and  the  walls  would  be 
expected  to  crack  and  the  pieces  grind  together.    There  would  be  dam- 
age, perhaps  a  great  deal,  but  the  building's  dynamic  characteristics 
would  change  so  much  from  the  damage  that,  with  the  residual  steel 
frame  well  designed  for  wind  forces,  and  with  the  great  energy  absorp- 
tion of  all  materials,  collapse  would  be  unlikely.    This,  in  effect, 
is  a  model  of  what  happened  in  1906  even  though  none  of  the  build- 
ings would  be  considered  adequate  by  conventional  contemporary  stan- 
dards . 

In  contrast,  contemporary  buildings  have  somewhat  greater  design  co- 
efficients and  meet  other  code  requirements  that  are  highly  desirable, 
but  they  generally  lack  the  reserve  value  of  the  nonca 1 cu 1 ated  walls 
and  partitions.     Instead  of  heavy  masonry  they  have  much  glass  and 
light  weight  covering  with  insulation.     If  the  buildings  are  ductile 
or  very  strong  they  should  survive,  but  there  could  be  considerable 
damage  in  some  cases. 

It  is  desirable  to  have  a  method  of  damage  estimation  that  somehow 
includes  all  these  important  factors.    This  is  not  directly  possible 
with  today's  state  of  knowledge,  but  implicitly  and  empirically  the 
damage  estimation  procedure  does  consider  these  factors.  Although 
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this  discussion  has  centered  about  tall  or  high-rise  buildings,  the 
same  types  of  considerations  must  be  employed  for  all  classes  of 
bui ldings . 


Recent  earthquakes  including  San  Fernando  1971   (magnitude  6.k)  show 
clearly  that  earthquake  shaking  can  be  stronger  than  at  one  time 
believed-     Peak  recorded  accelerations  in  the  last  decade  or  so  have 
been  two  or  three  times  greater  than  prior  measurements.    On  the  other 
hand,  buildings  have  been  found  to  be  much  more  resistant  than  given 
credit  for  in  conventional  design  practice.    There  are  exceptions, 
however,  and  they  cause  most  of  the  trouble.    A  comparison  to  results 
in  foreign  earthquakes  such  as  those  in  Caracas,  Mexico  City,  Iran, 
Morocco,  Turkey,  Colombia,  etc.,  shows  that  in  general  California 
buildings  are  stronger  and  more  resistant  than  in  most  other  places 
but  California  is  also  subject  to  the  greatest  earthquakes.    The  nominal 
loss  of  life  thus  far  in  California  earthquake  history  has  mainly 
been  due  to  good  fortune  about  the  time  of  occurrence  relative  to 
population  deployment  and  building  usage. 


Recent  Earthquakes 
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SAN  FRANC  I  SCO  BUILDING  CODES  AND  BUILDING  TYPES 


San  Francisco  has  had  seismic  design  code  provisions  since  1 948 .  How- 
ever, the  Riley  Act,  adopted  by  California  in  1933,  requires  for  all 
buildings  (except  those  not  primarily  for  human  occupancy  and  up  to 
2-unit  dwellings  not  in  a  city)  a  design  lateral  force  of  2%  of  the 
dead  and  live  load,  or  20  psf  wind  force,  whichever  governs.     In  many 
cases  the  wind  governed  the  design  so  that  the  buildings  were  not  much 
different  than  pre-Riley  Act  structures.    The  Riley  Act  did  focus  atten- 
tion on  the  earthquake  problem,  however,  and  this  was  beneficial. 

Prior  to  1906  there  apparently  were  no  specific  lateral  force  design 
requirements.    The  designers  of  San  Francisco's  tall  buildings  general- 
ly followed  eastern  practice  and  no  doubt  provided  rather  substantially 
in  some  cases  for  wind  forces.    After  1906  there  was  a  requirement  for 
as  much  as  30  psf  wind  force  for  tall  or  slender  buildings.    This  was 
changed  to  20  psf  in  1910,  no  doubt  under  the  pressure  of  economics, 
and  in  1920  it  was  further  reduced  to  15  psf. 

The  first  San  Francisco  earthquake  code  was  finally  adopted  in  19^8 
after  years  of  effort  and  much  resistance.     It  provided  for  lateral 
forces  of  from  3.7%  to  &%  of  dead  and  live  load  for  most  buildings 
and  the  lateral  force  coefficient,  C,  was  10%  for  theaters.     C  varied 
with  the  number  of  stories: 

2 

C  =  2^+N        (if  on  good  soil) 
where  N  is  the  number  of  stories. 

C  was  increased  25%  if  the  soil  was  marshy,  and  if  the  building  was 
on  rock  C  was  reduced  15%  from  the  above  equation  value.  These  re- 
quirements generally  exceeded  the  wind  design  values,  thus  creating 
stronger  buildings  than  before  19^8. 

Seismic  code  changes  were  made  in  1956  and  again  in  1962,  1965,  and  1 9^9 - 
The  current  code  is  similar  to  the  Uniform  Building  Code,  which  in  turn 
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follows  the  recommendations  of  the  Structural  Engineers  Association 
of  California.    However,  in  some  respects,  the  current  San  Francisco 
requirements  exceed  those  in  the  Uniform  Building  Code. 


From  1906  through  19^7  the  local  codes  set  forth  construction  types 
for  buildings  categorized  as  types  A,  B,  C,  and  F.    These  types  were 
based  on  the  materials  of  construction  and  the  fire  ratings,  and  in 
most  cases  there  were  limitations  on  height  and  floor  area.    A  fire- 
proof steel-frame  building  with  the  wall   loads  carried  on  the  steel 
frame  had  no  height  limitations  in  San  Francisco. 

From  19^8  on  the  designations  changed  to  1A,  IB,  2,  3,        and  5,  with 
variations  in  the  fi reproof i ng ,  materials,  heights,  and  floor  areas. 
Currently  there  are  no  limitations  on  height  for  type  1A,  structural 
steel-frame,  fire-resistive  construction,  and  type  IB,  reinforced  con- 
crete-frame, fire-resistive  construction. 

The  information  on  building  types  used  in  this  investigation  was  limit- 
ed to  the  Assessor's  records  which  show  only  types  A,  B,  C,  S,  and  F,  re- 
gardless of  the  year  of  construction.     Because  of  the  various  code  chang- 
es over  the  years  it  was  not  possible  to  reconcile  completely  all  build- 
ing types  with  the  current  records.     For  the  purposes  of  this  investi- 
gation, however,  the  following  types  were  used  in  making  damage  estimates. 


Type  Brief  Description 

A  Steel  or  reinforced  concrete;  fire-resistive;  no  height 

1 imi  tation* 

B  Steel  or  reinforced  concrete;  less  fire-resistive; 

height  limitation* 

C  Masonry  or  concrete  walls,  wood  floors  and  roof 

S  Light  steel,  incombustible  (service  stations) 

F  Wood  frame,  limited  area  and  height 


"Depends  upon  and  varies  with  the  particular  year  and  code 


San  Francisco  has  some  excellent  code  requirements  for  class  F  buildings 
which,  when  small  residential  units,  are  good  seismic  risks.  However, 
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there  is  a  typical  San  Francisco  type  F  building  that  could  be  a  poor 
risk  in  its  transverse  direction  if  not  properly  braced.    This  is  the 
two-  or  three-story  flat  on  a  narrow  lot,  often  only  25  feet  wide. 
The  building  usually  has  a  double-width  garage  door,  an  adjoining  stair- 
way, and  an  open  basement  for  parking  and  storage,  leaving  little  space 
or  provision  for  lateral  bracing  in  the  transverse  direction.  These 
buildings  should  be  specially  braced  with  walls,  partitions,  or  knee 
braces.     It  was  not  feasible  in  this  investigation  to  isolate  the  poor 
from  the  good  class  F  residential  buildings.     All  class  F  residential 
buildings  have  therefore  been  assigned  good  ratings. 
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BUILDING  DAMAGE  ESTIMATION 


Other  reports  have  been  made  of  certain  estimated  damage  from  a  re- 
petition of  the  1906  San  Francisco  earthquake  (ESSA/HUD,  1969;  NOAA/ 
OEP,  1972),  and  data  from  these  (for  San  Francisco  only)  are  summari- 
zed in  Appendix  D.    However,  the  study  reported  here  is  the  first  to 
consider  damage  to  all  buildings  and  the  first  to  provide  damage  level 
estimates  on  a  block-by-block-basis. 

Figure  A  is  a  map  of  San  Francisco  with  four  levels  of  damage  indicated 
on  a  b lock -average  basis  for  a  1906  type  earthquake  occurring  in  Decem- 
ber 1973,  the  time  when  tapes  with  building  statistics  were  made  by  the 
City  Assessor's  Office  for  this  study.    The  ratings  would  apply  also 
to  the  future,  providing  allowances  are  made  for  razed  buildings,  im- 
proved buildings,  and  new  buildings  subsequent  to  that  time.     The  dam- 
age levels  are  described  as  follows: 

Damage  Level  Damage  Description 

Severe  Extensive  to  complete  damage  of  nonstructura 1  elements, 


and  structural  damage  ranging  from  heavy  to  essen- 
tially total  in  some  cases.    Some  collapses  and  many 
buildings  for  which  replacement  would  be  more  econom- 
ical or  desirable  than  repair.    There  would  also  be 
damage  as  described  for  the  lesser  categories. 


Heavy 


Heavy  damage  to  architectural  and  other  nonstructur- 
al elements  and  materials.     Structural  damage  ex- 


tensive. Some  structures  out  of  plumb.  There  would 
also  be  damage  as  described  for  the  lesser  categor- 


ies . 


Moderate 


Damage  to  many  nonstructural  elements  and  materials, 
partitions,  walls,  stairways,  chimneys,  etc.  Some 


structural  damage  but  not  in  all  cases.  There  would 
also  be  damage  as  described  for  the  slight  category. 
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Slight  Some  cracked  and  damaged  walls,  partitions,  stair- 

ways.   Broken  chimneys.     Parapets  and  ornamen- 
tations dislodged.     Structural  damage  generally 
minor,  if  any. 

Certain  blocks  and  areas  as  indicated  on  the  map  were  not  covered  in 
the  investigation  because  there  was  insufficient  data  to  estimate 
building  damage,  some  structure  other  than  a  building  occupies  the 
area,  or  the  area  was  not  in  the  scope  of- the  study. 

In  no  case  should  damage  intensity  data  be  applied  to  individual  build- 
ings, for  which  damage  can  be  estimated  only  by  specific  analysis.  No 
specific  analysis  of  any  building  has  been  conducted  in  or  for  this  in- 
vestigation.   The  building  data  used  are  those  obtained  from  the  Asses- 
sor's records  and  the  estimation  of  damage  has  been  by  approximate,  sta- 
tistically based  methods.     Data  on  large  areas  or  for  average  or  sta- 
tistical uses  are  expected  to  be  meaningful  for  overall  planning  and 
related  purposes. 

The  following  should  also  be  kept  in  mind  when  using  Figure  A.  Ground 
motion  and  building  resistance  to  ground  motion  are  highly  random  var- 
iables, often  with  extensive  variations  from  average  or  mean  conditions. 
The  data  in  Figure  A  are  for  mean  conditions,  and  variation  or  excep- 
tions in  either  direction  can  be  expected  in  any  local  area. 

Problems  were  encountered  in  the  development  of  the  building  damage 
map  because  government  buildings  —  city,  state,  and  federal  --  did 
not  have  adequate  data  in  the  official  records  to  estimate  damage. 
These  buildings  may  or  may  not  occupy  a  whole  block.     Where  they  do, 
the  buildings  were  rated  as  well  as  possible  from  available  information, 
personal  knowledge,  or  judgment.     In  no  case  was  specific  analysis 
conducted  under  this  study.     If  a  government  building  occupied  only 
part  of  a  block,  the  computer  operation  ignored  the  building  with  in- 
adequate data  and  rated  the  block  according  to  the  nongovernment 
buildings.     This  could  result  in  a  few  local  anomalies. 
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Other  anomalies  would  result  from  any  errors  In  the  records  as  to 
building  types  or  ages  or  from  the  fact  that  the  buildings  had  to  be 
averaged  for  each  block  on  the  basis  of  the  number  of  stories  rather 
than  building  areas.     In  the  latter  case,  a  building  of  many  stories 
in  a  block  with  other  low  buildings  could  have  a  strong  influence  on 
the  block  rating.    A  similar  problem  would  exist  for  a  building  of  un- 
usually small  or  large  floor  area  as  compared  to  other  buildings  in  a 
block,   in  which  case  the  building  would  have  too  much  or  insufficient 
influence,  respectively,  on  the  block  rating. 

Figure  A  indicates  structural  damage  only,  without  any  allowance  (ex- 
cept as  may  be  indirectly  reflected  in  the  Wood  rating  of  1906  shaking 
intensity)  for  geologic  hazards  such  as  landslides,  liquefaction,  tsun- 
amis, etc.     Appendix  A  provides  information  on  how  the  Wood  ratings  were 
used.     Combinations  of  hazards  will  be  considered  later  in  this  report. 

Damage  Estimation  Procedure 

There  are  many  ways  of  estimating  building  damage  from  earthquake  mo- 
tion, but  all  must  depend  in  good  measure  on  empirical  data  and  records 
of  actual  damage.    To  depend  upon  analysis  and  theory  alone  would  gen- 
erally result  in  over -estimation  of  damage  because  most,  but  not  all, 
buildings  have  been  found  to  be  more  resistant  than  conventional  meth- 
ods of  analysis  would  imply.     Few  San  Francisco  buildings  of  1 906 
would  comply  with  current  seismic  building  codes,  and  yet  many  of  these 
buildings  survived  the  earthquake  and  the  fire  that  followed.  There 
are  over  25,000  pre-1906  buildings  still   in  use  today  to  demonstrate 
this  point,  and  there  would  be  many  more  if  it  had  not  been  for  the 
fire.    This  does  not  mean  that  the  seismic  codes  of  today  are  too 
severe  because  (a)  many  buildings  did  fail  and  many  more  were  sev- 
erely damaged,  and  (b)  contemporary  buildings  do  not  have  the  gener- 
ous amount  of  nonstructural  materials  and  elements  that  are  in  older 
buildings  (Blume,  I960). 

The  method  of  rating  the  buildings  and  finally  the  blocks  for  the  map 
was  determined  only  after  extensive  consideration  of  earthquake  damage 
history  and  a  reconciliation  of  that  history  with  theory  and  design 
practice  to  the  extent  feasible.     Consideration  was  given  to  peak 
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ground  acceleration,  spectral  response  acceleration,  natural  periods 
of  deep  or  soft  soil  deposits,  the  seismic  code  if  any  under  which 
each  building  was  designed,  the  fundamental  period  of  the  building,  the 
type,  year,  and  materials  of  its  construction,  the  number  of  stories, 
and  the  use  category.     Damage  factor  determinations  were  based  upon  the 
best  application  of  the  data  available  on  the  San  Francisco  Assessor's 
tapes  in  view  of  earthquake  damage  history,  theory,  and  professional 
judgment  based  upon  damage  history  and  theory. 

Considerable  weight  was  given  to  building  performance  in  San  Francisco 
in  1906,  and  to  building  performance  in  the  1971  San  Fernando  earth- 
quake, for  which  many  strong  motion  records  were  obtained  and  for  which 
there  is  considerable  information  on  building  response  and  damage.  Other 
earthquake  information  and  wel 1 -documented  material  from  the  response 
to  ground  motion  from  underground  nuclear  explosions  were  also  considered. 

It  was  recognized  in  damage  estimation  that  both  structural  and  dy- 
namic building  characteristics  change  as  a  building  responds  to  strong 
ground  motion  and  enters  the  important  range  between  the  start  of  dis- 
tress and  the  point  of  complete  failure.     In  many  if  not  most  build- 
ings this  is  the  area  of  greatest  earthquake  resistance  and  one  that  is 
not  covered  by  conventional  analysis  or  design  procedures. 

Building  data  were  obtained  from  the  Assessor's  records  on  a  block- 
by-block  basis.    The  data  were  limited  to  the  lot  number  in  each  block, 
the  use  category,  the  year  built,  the  construction  type,  the  number  of 
stories,  and  the  total  floor  area.     Equations  were  developed  to  combine 
this  information  with  the  estimated  spectral  acceleration  and  to  gener- 
ate three  damage  factors  for  each  building. 

The  damage  cost  factor  is  defined  here  as  the  ratio  of  damage  repair 
cost  to  the  replacement  cost  of  the  building.    The  replacement  cost 
may  be  considerably  different  than  the  original  cost  of  the  building, 
or  its  assessed  value  times  some  constant,  because  of  changes  in  values 
and  construction  costs.    The  damage  cost  factor  as  thus  defined  repre- 
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sents  the  relative  amount  of  damage,  with  a  factor  of  zero  being  no 
damage  and  a  factor  of  one  representing  total   loss  of  the  elements  un- 
der consideration. 

The  first  damage  cost  factor  represents  the  results  with  the  assigned 
original,  elastic  period  of  the  building  and  is  damage  of  a  type  that 
would  not  materially  impair  the  strength  of  the  building  even  if  the 
ratio  were  unity. 

The  second  damage  cost  factor  is  based  upon  the  response  of  the  build- 
ing assumed  to  have  the  rigidity  and  strength  of  only  its  structural 
elements.  The  assigned  period  is  lengthened  and  thus  the  spectral  ac- 
celeration may  vary  from  that  in  the  first  stage  of  response.  Resist- 
ance in  the  second  stage  depends  not  only  upon  the  structural  strength 
but  the  ductility  and  the  capacity  of  the  building  to  do  work  in  the 
inelastic  state  between  the  onset  of  damage  and  failure. 

The  third  damage  cost  factor,  which  was  used  to  assess  degrees  of  dam- 
age for  plotting  purposes,  is  based  upon  a  weighted  combination  of  the 
first  two  damage  factors. 

The  small,  wood-frame  residential  buildings  --  type  F,  as  described 
previously       were  not  analyzed  dynamically  because  of  their  excel- 
lent record  and  the  amount  of  damage  information  on  them.     They  were 
simply  rated  for  damage  proportionally  to  the  short  period  or  peak 
spectral  acceleration  which  in  turn  depends  upon  the  Wood  rating.  The 
typical  San  Francisco  two-  and  three-story  flats  were  not  penalized  for 
their  possible  weakness  in  the  transverse  direction  on  the  assumption 
that  adequate  bracing  has  been  or  will  be  provided.     Type  S  buildings 
(also  described  previously)  of  which  there  are  few,  were  also  rated 
similarly.     All  other  buildings  were  analyzed  as  shown  in  Appendix  A. 

Specific  details  of  analysis  are  not  released  so  that  the  anonymity 
of  specific  buildings  will  be  preserved.    The  analysis  as  well  as  the 
use  of  the  results  involves  professional  judgment. 
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For  each  block,  average  damage  factors  were  obtained  based  upon  the 
results  for  all  buildings  in  the  block.    These  average  factors  were 
weighted  according  to  the  number  of  stories  in  the  various  buildings. 
It  would  have  been  preferable  to  weight  factors  according  to  total 
building  areas  but  this  was  found  to  be  impossible  because  building 
area  data  were  frequently  missing  from  the  records.    Data  on  indivi- 
dual buildings  are  considered  confidential  and  are  not  reported  here 
or  available.     Block  values  represent  the  weighted  average  only  and 
the  values  of  the  buildings  in  the  block  may  vary  considerably  from 
the  average.    This  would  be  especially  true,  for  example,  where  a  new 
building  has  been  constructed  in  a  block  with  many  old,  pre-code 
bu  i 1 di  ngs . 

Additional  information  on  the  damage  estimation  procedure  is  provided 
in  Appendix  A. 

Earthquakes  Other  Than  the  1906  Type 

Figure  A  is  for  a  1906  type,  8.3  magnitude  earthquake.    There  are,  of 
course,  an  infinite  number  of  other  earthquakes  with  reference  to  mag- 
nitude, fault,  and  distance  from  the  epicentral  region.  Hopefully, 
there  will  be  none  larger  than  the  1906  type,  although  earthquakes  have 
occurred  up  to  8.9  magnitude  elsewhere  in  the  world.    Most  experts  con- 
sider the  8.3  a  reasonable  maximum  for  the  San  Francisco  area. 

The  smaller  earthquakes,  which  are  more  probable  in  a  given  time  period, 
could  be  estimated  from  the  1906  type  data  by  considering  the  relative 
values  of  estimated  spectral  acceleration  and  assuming  that  the  spectral 
response  distribution  throughout  the  city  would  be  unchanged.     In  look- 
ing at  Figure  A,  one  could  imagine  smaller  earthquakes  which  would  cause 
the  damage  ratings  to  decrease,  as,  for  example,  "severe"  ratings  would 
become  "heavy,"  "heavy"  would  become  "moderate,"  etc.     An  extreme  case 
almost  at  the  damage  threshold,  would  be  the  1957  Daly  City  earthquake 
of  5.3  magnitude,  for  which  the  only  ratings  would  be  "slight"  or  "none." 
"None"  was  not  used  for  the  1906  type  because  virtually  every  building 
would  be  expected  to  have  some  damage  visible  to  a  trained  observer. 
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PRE-CODE  TYPE  C  BUILDINGS 


For  the  purposes  of  this  report,  pre-code  type  C  buildings  are  defined 
as  those  buildings  constructed  before  19^8  that  have  masonry  or  con- 
crete exterior  bearing  walls  with  wood  floor  and  wood  roof  construc- 
tion.    Such  buildings  are  of  particular  interest  because  they  have 
had  a  generally  poor  record  in  essentially  all  earthquakes  where  such 
structures  existed.     Although  there  have  been  notable  exceptions,  and 
there  will  be  again  in  future  earthquakes,  type  C  buildings  with  unre- 
inforced  masonry  walls  and  poorly  connected  floors  and  roofs  have  been 
severely  damaged  and  some  have  collapsed.     This  type  of  construction  is 
not  to  be  confused  with  contemporary  type  3  buildings  designed  and  con- 
structed under  modern  seismic  code  provisions.     Furthermore,  some  pre- 
code  type  C  buildings  may  perform  well  under  earthquake  motion  because 
of  unusually  good  construction,  heavy  walls  with  few  and  small  open- 
ings, or  other  fortuitous  conditions  including  favorable  soil  and  found- 
ations. 

Information  has  been  drawn  from  the  Assessor's  records  to  focus  on 
pre-code  type  C  buildings  on  a  bl ock-by-b lock  basis  and  also  according 
to  the  1970  census  tracts.     This  information  is  expected  to  be  useful 
in  locating  problem  areas  for  further  investigation  and  for  planning 
purposes.     The  buildings  considered  were  those  existing  in  December 
1973. 

Figure  B  shows  the  density  of  living  units  in  pre-code  type  C  build- 
ings.   The  number  of  living  units  was  obtained  from  the  City  Assessor's 
records  for  apartments,  dwellings,  flats,  duplexes,  flats  and  stores, 
condominiums,  and  hotels  other  than  first  class.     The  greatest  density 
of  such  living  units  occurs  in  the  downtown  residential  area  of  the  city, 
generally  but  not  exclusively  bounded  by  Larkin,  Bush,  Mason,  and  Turk 
Streets.     The  damage  levels  shown  in  Figure  A  are  strong  in  this  general 
area . 

Figure  C  shows  the  density  of  nonresidential  pre-code  type  C  build- 
ings.    This  figure  includes  all  building  use  categories  except 
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apartments,  dwellings,  flats,  duplexes,  flats  and  stores,  condo- 
miniums, and  hotels  other  than  first  class.    The  greatest  density  of 
nonresidential  pre-code  type  C  buildings  occurs  in  the  South-of -Market 
area,  but  there  is  also  an  appreciable  concentration  of  such  buildings 
in  the  area  bounded  by  Broadway,  Sansome,  Sacramento,  and  Stockton 
Streets.    The  damage  levels  shown  in  Figure  A  are  also  strong  in  this 
area. 

Appendix  B  is  a  list  of  all  pre-code  type  C  buildings  according  to 
1970  census  tract  numbers  for  the  entire  city.     For  each  census  tract 
and  for  this  particular  class  of  building,  the  list  includes  the  num- 
ber of  living  (residential)  units,  the  number  of  residential  buildings, 
and  the  number  of  nonresidential  buildings. 

Figures  B  and  C  can  be  used  together  with  Figure  A,  and  Appendix  B 
can  be  used  together  with  population  densities,  to  assess  the  hazard 
from  earthquakes  in  and  about  this  type  of  building.    The  use  of  this 
material  in  hazard  reduction  will  be  discussed  in  a  later  section  of  this 
report. 
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STRUCTURES  OTHER  THAN  BUILDINGS 


Elevated  freeway  structures  suffered  severe  damage  in  the  1971  San 
Fernando  earthquake.     Although  many  of  these  were  high  and  slender 
compared  to  those  in  San  Francisco,  it  would  be  wise  to  expect  some 
damage,  possibly  in  the  heavy  and  severe  categories,  to  San  Francisco 
elevated  freeways,  especially  in  view  of  the  fact  that  San  Francisco 
has  some  very  poor  soil  conditions  as  compared  to  the  San  Fernando  area. 
Most  of  these  structures  have  not  been  designed  to  resist  severe  dyna- 
mic distortions  although  some  have  been  altered  since  the  1971  experi- 
ence and  some  of  the  new  structures  have  been  designed  to  improved 
earthquake  criteria. 

The  Bay  Bridge  and  the  Golden  Gate  Bridge  will  probably  perform  sat- 
isfactorily because  they  are  long  period,  ductile  structures.  Other 
bridges  in  San  Francisco  are  being  studied  by  the  Bureau  of  Engineer- 
ing, Department  of  Public  Works,  and  will  not  be  reported  herein  ex- 
cept to  note  that  the  poor  soil  conditions  associated  with  some  of 
them  could  cause  damage. 

Reservoirs  have  been  considered  in  the  geologic  report.  Gasholders 
and  storage  tanks,  surface  and  elevated,  are  special  problems.  Such 
structures  have  been  damaged  in  earthquakes  but  many  are  quite  resis- 
tant and  some  have  specially  designed  resistance. 

Waterfront  structures,  especially  where  situated  on  or  alongside  made 
ground,  are  subject  to  damage  but  this  is  generally  not  of  a  catastrophic 
nature. 

Underground  construction  should  generally  perform  better  than  surface 
structures  although  in  very  poor  soil  areas  there  could  be  problems, 
especially  where  there  are  abrupt  changes  in  the  structural  section. 
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COMBINATIONS  OF  GEOLOGIC  AND  STRUCTURAL  HAZARDS 


Figure  A  is  based  on  the  assumption  that  all  buildings  are  located 
on  stable  soil  and  foundations.    The  geologic  report  contains  maps 
for  geologic  hazards  which  should  be  treated  as  additional  hazards. 
A  building  with  a  "slight"  damage  rating  that  is  apt  to  slide  down 
a  hill  with  a  landslide  should  have  its  rating  changed  to  "severe," 
or  perhaps  to  "total."    Liquefaction  could  also  increase  damage,  as 
could  subsidence.     Inundation  from  tsunami  or  reservoir  failure  could 
also  contribute  to  damage. 

Some  of  these  hazards  could  be  additive  for  buildings  in  the  sus- 
ceptible areas,  as,  for  example,  vibratory  damage  and  sliding  damage, 
vibratory  and  liquefaction,  or  vibratory  and  subsidence.  Inundation 
may  or  may  not  add  to  vibratory  damage.     However,  tsunami  effects 
would  not  be  greatest  from  local  earthquakes  so  the  full  combination 
of  tsunami  effects  and  vibratory  damage  would  not  be  logical. 

It  is  possible  although  often  quite  costly  to  design  for  resistance 
to  geologic  hazards  or  to  greatly  mitigate  the  effects  of  those  haz- 
ards.   The  exceptions  are  fault  rupture  and  landslides.     Fault  rup- 
ture, fortunately,  is  not  expected  within  the  city  limits.  Vibra- 
tory damage  can  also  be  mitigated  or  completely  prevented  in  design  if 
economically  desirable.     The  various  maps  can  be  used  with  good  judg- 
ment not  only  for  planning  purposes  and  for  emergency  preparedness  but 
as  an  aid  in  the  design  of  new  structures  and  systems.     However,  speci- 
fic studies  are  recommended  for  all  important  structures. 
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LIFELINES  AND  EMERGENCY  SERVICES 


Following  a  major  earthquake  disaster,  the  city's  recovery  will   in  no 
small  part  depend  on  restoration  of  its  lifelines  and  emergency  services. 
Lifelines  comprise  the  city's  major  utility  and  transportation  systems, 
and  emergency  services  consist  of  its  fire,  police,  health,  and  emer- 
gency communications  systems.     Because  all  of  these  systems  are  so  vital 
to  normal  operations,  disruption  of  their  functions,  even  for  short 
periods,  can  jeopardize  public  welfare  and  otherwise  restrict  the  city's 
ability  to  recover  quickly  from  disaster. 

Following  the  severe  damage  sustained  by  lifeline  and  emergency  services 
systems  in  the  \36k  Alaskan  and  1971  San  Fernando  earthquakes,  it  be- 
came apparent  that  many  such  systems  located  in  other  seismic  areas 
were  similarly  vulnerable.     Accordingly,  to  assess  the  vulnerability 
of  San  Francisco's  lifelines  and  emergency  services,  a  survey  was  under- 
taken.    A  questionnaire  was  sent  to  the  major  utility,  transportation, 
and  emergency  services  groups,  supplemented  by  follow-up  discussions. 
The  two  groups  were  treated  separately  because  the  lifeline  facilities 
are  typically  more  numerous  and  physically  extensive  and  because  emer- 
gency services  are  more  closely  associated  with  the  immediate  post- 
disaster  needs.    The  groups  surveyed  are  listed  below. 

L  i  f e 1 i  nes 

Bay  Area  Rapid  Transit  District 

Department  of  Transportation,  State  of  California  (Highways) 
Water  Department 

Division  of  Sanitary  Engineering,  Department  of  Public  Works 

Golden  Gate  Bridge,  Highway  and  Transportation  District 

Mun  i  c  i  pa  1  Ra  i lway 

Pacific  Gas  6  Electric  Company 

Pacific  Telephone  &  Telegraph  Company 

Southern  Pacific  Transportation  Company  (Railroad) 

Toll  Bridge  Administration,  Department  of  Transportation,  State  of 
California  (Bay  Bridge) 
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Emergency  Services 

Department  of  Electricity  (Communications) 

Department  of  Public  Health 

Fire  Department 

San  Francisco  General  Hospital 

Pol i  ce  Department 

The  purpose  of  the  questionnaire  was  threefold:     (l)   to  determine  cogni- 
zance of  seismic  hazards  to  vital  functions;   (2)   to  determine  the  seis- 
mic status  of  existing  vital  facilities;  and  (3)   to  determine  present 
seismic  planning  and  design  procedures  for  vital  new  construction.  Sur- 
vey results  are  presented  in  Tables  1,  2,  and  3  of  Appendix  C. 

Response  to  the  questionnaire  showed  that  all  agencies  surveyed  are 
aware  of  their  vital  functions  in  a  seismic  disaster.     However,  they 
vary  considerably  in  their  knowledge  of  how  seismic  hazards  will  affect 
their  facilities  and  of  what  steps  must  be  taken  to  provide  the  neces- 
sary seismic  resistance.     A  substantial  number  have  not  studied  the 
impact  of  a  major  earthquake  on  their  facilities,  made  estimates  of 
expected  damage,  or  developed  contingency  plans.     This  is  clearly  an 
area  for  improvement,  particularly  for  the  emergency  services. 

As  a  group,  the  emergency  services  are  generally  deficient  in  the  ade- 
quacy of  their  seismic  planning,  hazard  abatement,  and  seismic  design, 
particularly  because  their  services  will  be  the  most  urgently  needed 
in  a  disaster.     The  survey  found  that  from  the  standpoint  of  physical 
facilities,  the  emergency  services  group  was  the  least  prepared.  Plan- 
ning of  new  emergency  services  facilities  for  post-disaster  maintenance 
of  operations  shows  a  strong  need  for  improvement.     Likewise,  investiga- 
tion of  existing  buildings  and  structures  for  structural  hazards  could 
be  improved.     There  were  some  exceptions,  however,  such  as  the  Fire 
Department's  review  and  upgrading  of  many  of  its  older  buildings  in  the 
1950s,  but  generally  these  agencies  were  found  to  be  using  many  old 
structures  whose  seismic  resistance  has  not  been  reviewed  against  modern 
standards  and  whose  sites  had  not  been  investigated  for  geologic  hazards. 
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Some  changes  are  forthcoming  due  to  recent  state  legislation  such  as 
SB  519,  which  places  new  hospital  construction  under  much  more  restric- 
tive seismic  design  requirements  than  ordinary  buildings.     This  legisla- 
tion will  help  mitigate  some  hazards,  but  few,  if  any,  extraordinary 
requirements  protect  the  other  emergency  services  facilities.     This  is 
an  area  in  which  improvements  should  be  forthcoming. 

Regarding  lifelines,  the  survey  results  indicate  that  there  has  been 
a  definite  improvement  in  seismic  planning  and  design  procedures  for 
new  construction  compared  to  what  was  done  in  the  past.     Many  of  the 
new  vital   lifeline  systems  are  now  receiving  some  form  of  geologic 
hazard  investigation,  and  seismic  design  criteria  for  structures  tends 
to  be  above  the  minimum  levels  often  used  in  ordinary  construction. 
Three  agencies  in  particular,  PG&E,  BART,  and  the  Department  of  Trans- 
portation, have  or  are  beginning  to  utilize  dynamic  analysis  or  improved 
static  analysis  procedures  in  seismic  design  for  key  facilities.  The 
State  Department  of  Transportation  has  also  begun  upgrading  its  exist- 
ing aerial  structures  since  the  1971  San  Fernando  disaster,  and  some 
of  these  structures  are  being  strengthened  by  restraining  ties  between 
adjacent  bridge  spans  in  an  attempt  to  prevent  complete  collapse. 
However,  the  1971  San  Fernando  experience  showed  that  considerable 
damage  or  collapse  was  also  caused  by  such  other  factors  as  abutment 
soil  failures  or  lack  of  toughness  in  bridge  piers,  which  are  much 
more  difficult  to  mitigate  once  the  structure  is  built. 

Many  of  the  underground  utilities  that  traverse  the  eastern  and  northern 
waterfront  areas  and  the  Lake  Merced  area  may  be  subject  to  outages  from 
pipe  breakage  due  to  ground  movements,  as  indicated  in  "Part  I:  Geologic 
Evaluation."    Similar  distress  to  underground  utilities  will  probably 
occur  throughout  the  city,  but  to  a  lesser  extent.     Generally,  however, 
such  breakage  can  be  repaired  quickly  and  without  any  long  public  incon- 
venience, but  the  case  of  the  Auxiliary  Water  Supply  System  (AWSS)  may 
deserve  special  consideration.     The  AWSS  has  a  network  of  relatively 
large-diameter,  high-pressure  water  lines  for  fire  fighting.     Many  of 
its  lines  in  the  eastern  waterfront  area  traverse  areas  of  potentially 
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seismic-unstable  ground,  and  the  system  and  its  seawater  pumping  station 
should  be  reviewed  in  light  of  this. 

Another  major  area  of  lifeline  concern  is  the  approaches  to  the  bridges 
that  span  San  Francisco  Bay.    A  report  (Department  of  Transportation, 
1973)  on  the  Bay  Bridge  indicates  that  if  earthquake  restrainer  units 
are  not  installed  on  the  approach  spans  to  the  bridge,  there  is  a  great 
possibility  of  traffic  disruption  due  to  misalignment  in  the  event  of 
a  major  earthquake.     The  Golden  Gate  Bridge  approaches  in  the  Presidio 
area  need  a  similar  investigation.     Both  bridges  may  experience  distress 
at  approaches  from  ground  instabilities   (NOAA,  1972). 

In  summary,  while  present  seismic  design  practices  are  an  improvement 
over  those  of  the  past,  not  all   lifeline  and  emergency  service  organiza- 
tions appear  to  be  uniformly  committed  to  the  highest  standards  of 
seismic  safety.     Several  of  the  organizations  surveyed  are  using  vir- 
tually state-of-the-art  design  procedures,  while  many  others  lag  appre- 
ciably behind,  par t i cu 1  a r 1 y  w i th  regard  to  post-disaster  maintenance 
of  vital  functions. 

What  is  needed  for  the  lifeline  and  emergency  services  facilities  is: 

(1)  definition  of  the  vital  facilities  and  services  of  each  agency; 

(2)  development  of  minimum  siting  and  seismic  design  standards  for  vital 
new  construction,  particularly  for  those  facilities  whose  post-earth- 
quake function  is  immediately  needed;   (3)  full   investigation  of  exist- 
ing vital  facilities;  and  (*»)  hazard  abatement.     Not  only  must  the  site 
and  the  structure  of  a  vital  facility  be  highly  se i smi c- res i s tant ,  the 
facility's  equipment  and  building  contents  must  also  be  protected  to 
insure  post-disaster  maintenance.     Furthermore,  a  source  of  emergency 
power  must  be  provided  in  each  unit  and  given  the  necessary  seismic 
resistance.     Key  facilities  should  also  be  located  away  from  structures 
that  may  collapse  on  them. 

For  the  other,  less  critical  lifeline  and  emergency  services  facilities, 
less  stringent  seismic  standards  may  be  imposed,  but  these  should  be 
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consistent  with  quick  restoration  of  needed  public  services.     In  special 
cases  where  designs  involve  unusual  features       such  as  large-capacity 
water  storage  tanks,  where  damage  from  sloshing  or  wall  buckling  due  to 
overturning  tendencies  is  possible        special  analysis  procedures  should 
be  used. 

Application  of  the  results  of  this  study  to  the  lifelines  should  con- 
sider the  implications  of  the  maps  in  "Part  I:     Geologic  Evaluation." 
Possible  damage  to  streets,  mass  transportation  facilities,  and  to 
domestic  and  fire  water  supplies,  sewage,  power,  and  telephone  distri- 
bution systems  can  be  related  to  the  geologic  hazards  of  subsidence, 
liquefaction,   landsliding,  tsunami,  and  flooding.     For  example,  the 
tsunami  design  criteria  for  the  BART  facilities  should  be  reviewed  in 
light  of  the  more  recent  USGS  data  discussed  in  Part  I.     In  general, 
lifelines  in  the  designated  hazard  zones  can  be  expected  to  be  dis- 
rupted, and  the  impact  of  possible  disruption  should  be  evaluated  and 
mitigated  wherever  feasible  and  appropriate. 
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EARTHQUAKE  HAZARDS 


The  greatest  hazard  during  earthquakes  is  from  falling  construction 
material  and  the  collapse  of  walls,  ceilings,  or  of  whole  buildings. 
No  one  should  be  hurt  by  the  shaking  per  se,  although  extreme  fear  can 
induce  physiological  or  mental  injuries  in  some  cases.     Such  geologic 
hazards  as  the  massive  mudflows  in  South  America  or  the  tsunami  action 
in  Japan,  Hawaii,  or  Alaska  can  cause  fatalities.    San  Francisco  does 
not  have  major  geologic  hazards  as  compared  to  certain  other  areas, 
but  it  has  a  severe  problem  from  ground  shaking  and  building  damage, 
especially  in  areas  that  might  be  congested  at  the  time  of  the  earth- 
quake . 

With  the  exception  of  being  in  a  collapsing  building,  no  doubt  the  great- 
est hazard  to  people  is  from  falling  construction  materials,  especially 
from  parapet  walls  on  building  tops  and  from  disloged  ornamentation  on 
the  exteriors  of  the  buildings.    Not  only  are  these  items  on  old  build- 
ings not  designed  to  withstand  severe  motion  at  upper  levels,  but  there 
is  probable  deterioration  with  age  that  makes  the  attachments  doubtful 
even  without  an  earthquake.    There  is  a  local  parapet  ordinance  to  reduce 
this  hazard  gradually  but  for  various  extenuating  reasons  it  has  not  yet 
been  possible  for  the  City  Bureau  of  Building  Inspection  to  begin  its 
enforcement.     It  is  expected  that  this  work  will  begin  by  the  fall  of 
197**,  but  it  will  take  considerable  time  for  the  job  to  be  completed. 

Buildings  constructed  before  the  adoption  of  a  seismic  code  that  have  a 
combination  of  brittle  materials  and  inadequate  connections  between  hori- 
zontal and  vertical  elements  are  often  very  poor  risks  and  may  be  subject 
to  collapse.    Most  pre-19^8  type  C  (or  type  3)  buildings  fall  into  this 
category  and  must  be  suspect  unless  specifically  shown  to  be  adequate. 
Unfortunately,  many  of  these  are  multi-unit  residential  buildings  and 
have  high  occupancy  rates  throughout  the  week,  unlike  commercial  build- 
ings, which  are  occupied  only  *»0  to  50  hours  per  week. 

Although  pre-seismic  code  classical  buildings  have  had  a  fairly  good 
record  (largely  because  of  the  abundant  use  of  nonstructural  materials) 
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and  probably  would  not  collapse,  they  could  suffer  considerable  damage 
and  this  could  be  costly  as  well  as  locally  hazardous.    Most  of  San 
Francisco's  large  public  buildings  are  in  this  category.    The  old  (1906) 
City  Hall  was  a  loss  even  before  the  fire,  but  the  7th  and  Mission  post 
office  survived,  as  did  the  Fairmont  Hotel,  the  original  portion  of  the 
St.  Francis  Hotel,  the  Palace  Hotel  (until  it  was  burned  out),  the  old  Mint 
building,  Fort  Point,  the  old  Appraisers  Building  (now  gone),  and  others. 

The  damage  estimation  map,  Figure  A,  should  be  used  together  with  popu- 
lation densities  by  the  time  of  day  and  the  day  of  the  week  to  estimate 
fatalities  in  the  most  hazardous  areas.    Obviously,  a  major  earthquake 
at  12:00  noon  is  a  much  different  problem  than  one  at  2:30  a.m. 

In  addition  to  fatalities  and  injuries  from  building  damage  per  se,  there 
are  various  other  seismic  hazards  from  movement  or  overturning  of  build- 
ing contents  (stored  goods,  books,  files,  furniture,  etc.);  elevators 
jamming  or  malfunctioning;  blocked  or  broken  stairways;  jammed  doors; 
broken  glass  due  to  building  distortion  or  direct  impact;  smoke  and 
fire;   loss  of  emergency  power;  and  panic.    There  are  also  problems  of  ve- 
hicular movement  in  blocked  streets,  loss  of  water  and  sanitary  systems, 
and  broken  gas  lines.     Emergency  hospital  facilities  may  be  impaired  or 
out  of  service  because  of  loss  of  supplies,  utilities,  and  possibly  also 
standby  equipment  that  was  not  well  secured  to  its  supporting  elements. 
An  overall   pre-earthquake  systems  approach  to  these  problems  could  be 
most  effective  in  disaster  mitigation. 

Destructive  earthquakes  cause  not  only  potentially  great  casualties 
but  also  property  losses.    There  is  also  severe  impact  on  business  and 
possibly  on  property  values  if  damage  is  extensive.     It  is  not  generally 
realized  that  some  of  the  impact  and  losses  are  spread  to  the  state  or 
the  country  as  a  whole  through  relief  and  reconstruction  costs,  business 
losses,  insurance  costs,  tax  losses,  and  in  other  ways. 

Assessment  of  Building  Hazards 

Injury  and  loss  of  life  from  earthquakes  in  San  Francisco  would  be 
largely  the  result  of  building  damage.     It  is  extremely  difficult  to 
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quantify  such  a  hazard  to  persons  In  and  about  buildings.    The  obvious 
limits  of  a  seismic  risk  scale  range  from  no  risk  when  there  is  no 
damage  to  death  of  almost  the  entire  population  where  all  the  buildings 
collapse.     Intermediate  points  on  such  a  scale  would  bear  some  relation- 
ship between  the  amount  of  damage  and  the  injuries  and  deaths  to  those 
in  and  about  the  buildings. 

It  is  quite  possible  that  people  could  be  injured  or  killed  with  relative- 
ly minor  building  damage.     For  example,  persons  on  the  sidewalks  and  the 
streets  may  be  struck  by  construction  materials  falling  from  building  para- 
pets and  ornamentation.    Glass  may  also  fall  from  a  building  and  create  a 
hazard.    Old  buildings  designed  without  earthquake-resistant  characteristics 
and  having  considerable  ornamentations  and  appendages,  whose  anchorages  have 
no  doubt  deteriorated  with  time  and  exposure,  are  especially  hazardous  in 
this  regard. 

Occupants  of  buildings  that  do  not  collapse  or  suffer  partial  collapse 
are  still  subject  to  death  or  injury  from  materials  falling  from  the  ceil- 
ings or  walls,  moving  furniture  or  stored  goods,  not  to  mention  problems 
arising  from  blocked  stairways,  malfunctioning  elevators,  and  possible 
fire  and  smoke. 

The  least  hazardous  type  of  building  is  the  small,  wood-frame  residence 
on  stable  soil  and  free  of  geologic  hazards  except  shaking.    Very  few  per- 
sons should  be  killed  in  such  structures  even  in  violent  earthquake  motion. 
Some  injuries  and  deaths  are,  of  course,  possible  even  in  the  slight  damage 
level  areas  of  Figure  A.     Flats  on  narrow  lots  are  considered  more  hazard- 
ous unless  specially  braced  in  the  transverse  direction. 

The  most  hazardous  areas  of  the  city  are  those  areas  designated  as  having 
severe  damage  levels  in  Figure  A.     Persons  in  and  about  the  typical  build- 
ings in  blocks  rated  severe  would  be  subject  to  many  hazards  whether 
on  the  streets  near  buildings  or  in  the  buildings.    Of  course,  there  could 
be  some  safe  buildings  even  in  the  severe-rated  blocks,  as  previously 
discussed.     Some  buildings  could  collapse  partially  or  completely  and  kill 
most  if  not  all  those  in  the  region  of  collapse.     Based  on  judgment  and 
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meager  data,  loss  of  life  in  the  severe-damage-1 eve  1  areas  could 
average  ]%  or  more  of  the  area  population. 

The  heavy  damage  level  of  Figure  A  would  be  less  hazardous  to  persons 
than  the  severe  level,  except  for  those  in  the  streets  near  multi -story 
buildings  who  could  be  subject  to  essentially  as  much  falling  debris. 
There  would  be  less  hazard  of  collapse,  although  walls  could  fall  out 
and  be  quite  hazardous  locally,  and  ceilings  could  fall. 

The  moderate  damage  levels  of  Figure  A  would  offer  less  hazard  than 
either  heavy  or  severe  but  considerably  more  than  the  slight  category. 

The  slight  damage  level  would  not  be  generally  hazardous.  However,  a 
few  accidents  and  possibly  deaths  could  occur  from  the  severe  shaking 
and  unfortunate  and  improbable  circumstances. 

Injuries  requiring  hospitalization  from  all  damage  areas  would  be  many 
times  the  number  of  fatalities.  A  figure  of  10  to  15  times  fatalities 
would  be  a  reasonable  estimate. 

Economic  loss,  from  both  property  damage  and  business  disruption,  would 
also  vary  with  the  ratings  in  Figure  A.    The  average  losses  would  essen- 
tially follow  the  damage  level   ratings  --  namely,  severe,  heavy, 
moderate,  and  slight  --  based,  of  course,  on  a  1 906  type  earthquake 
wi  th  no  major  f  i  re. 

There  is  insufficient  information  available  to  make  refined  estimates  of 
deaths,  injuries,  and  damage  costs  regardless  of  the  procedures  and  math- 
ematics employed.    The  following  are  crude  estimates,  not  predictions, 
based  on  sparse  history  and  judgment.    They  are  for  average  conditions 
in  a  1906  type  earthquake  affecting  December  1973  buildings  assumed  to 
be  on  stable  soil.     Geologic  hazards  and  nonbuilding  damage  would  be 
additional  factors. 
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Estimated  Average  Percen- 
tage of  those  in  Area  at 
the  Time 


Estimated  Average 
Property  Loss  as 
Percentage  of  Re- 
placement  Cost 


Damage  Level 
Figure  A 


Injuries  Requi  ring 
Deaths        Hospi  tal ization 


Heavy 


Severe 


0.3% 


1.0% 


15% 


75% 
50% 


Moderate 


0.1% 


1% 


25% 


SI ight 


0.02% 


0.2% 


5% 


With  the  above  seismic  risk  scale,  Figure  A,  and  census  tract  data  on 
population  deployment  at  various  times  of  the  day  and  days  of  the  week, 
rough  estimates  of  fatalities  and  hospitalized  injuries  from  building 
damage  can  be  made.     Economic  losses  can  also  be  estimated  with  infor- 
mation on  replacement  costs.     Such  estimates  were  beyond  the  scope  of 
this  investigation,  as  was  a  study  of  probabilistic  aspects  of  the 


problem. 
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THE  REDUCTION  OF  EARTHQUAKE  HAZARDS 


The  risk  from  severe  earthquake  motion  in  San  Francisco  is  high  in  two 
respects.     First,  there  is  a  high  probability  that  severe,  damaging 
earthquakes  will  occur  in  a  given  period  of  time,  almost  certainly  with- 
in the  life  span  of  most  of  the  buildings  now  existing.    Second,  many  of 
the  buildings  are  not  adequately  resistant  to  earthquake  motion.  The 
result  will  be  loss  of  life,  injuries,  and  severe  economic  losses  from 
property  damage  and  business  disruption. 

Although  any  unnecessary  loss  of  life  is  deplorable,  there  is  some  risk 
in  almost  all  human  endeavors.    There  is  no  such  thing  as  absolute  safety, 
and  what  constitutes  an  acceptable  risk  to  one  person  may  not  be  acceptable 
to  another.    A  definition  of  acceptable  risk  that  has  some  logical  appeal 
is  that  level  of  risk  which  a  reasonable  person,  informed  of  all  the  facts 
and  given  the  choice,  would  not  try  to  reduce  further  by  investing  more 
money  or  effort  to  gain  greater  risk  reduction.     On  a  public  matter,  this 
would  of  course  be  related  to  the  majority  preference.    People  generally 
expect  buildings  to  be  safe  under  all  conditions.     If  they  are  not,  people 
should  be  so  informed. 

The  basic  objective  behind  this  investigation  is  to  reduce  earthquake 
hazards.    This  shall  be  considered  in  two  parts  --  the  reduction  of  future 
hazards  not  now  existing,  and  the  reduction  of  existing  hazards. 

Reduction  of  Future  Building  Hazards 

This  is  the  easier  task  from  the  viewpoints  of  economics  and  social  impact. 
It  involves  both  planning  and  building  codes.     Planning  for  a  limited  area 
such  as  San  Francisco  should  involve  avoiding  uncontrollable  geologic  haz- 
ards in  siting  and,  because  space  is  limited,  replacing  poor  risk  buildings 
by  good  bui ldings. 

The  building  codes  should  insure  that  all  new  construction  has  adequate 
earthquake  resistance.    The  present  San  Francisco  seismic  code  is  considered 
good,  but  it  should  change  in  the  future  as  new  information  and  new  design 
criteria  are  found  to  be  useful,  reliable,  and  acceptable.     The  word 
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"acceptable"  involves  economic  as  well  as  technical  constraints.  Con- 
sideration should  be  given  to  code  provisions  that  allow  for  vital  in- 
elastic behavior  and  energy  absorption  capacity.     It  is,  of  course, 
basically  important  that  the  construction  follow  the  design  specifications 
in  all   respects  and  that  the  design  meet  or  exceed  the  code  requirements 
in  all  respects. 

New  public  assembly  buildings  and  buildings  housing  such  emergency  ser- 
vices as  police,  fire,  ambulance,  hospital,  bloodbanks,  emergency  and 
medical  supplies,  and  vital  records  should  be  designed  for  greater  re- 
sistance than  now  required  by  the  San  Francisco  code  for  ordinary  private 
buildings.    The  degree  of  greater  resistance  should  be  the  subject  of  a 
special  study  that  would  consider  recent  state  legislation  and  the  re- 
sults of  recent  earthquakes  and  recent  research. 

Reduction  of  Existing  Building  Hazards 

The  problem  of  existing  poor-risk  buildings  is  a  difficult  one,  involving 
serious  economic  and  social  problems.     It  is  not  possible  to  require  the 
abrupt  strengthening  or  demolition  of  a  privately  owned  building  without 
causing  financial  hardship  to  the  owner.     On  the  other  hand,  something 
needs  to  be  done  where  lives  are  involved  in  those  cases  in  which  the 
inadequacy  has  been  established  on  a  specific  basis. 

m 

A  basic  step  lies  in  the  area  of  city  planning.    The  earthquake  hazards 
suggested  in  Figure  A  should  be  integrated  with  all  the  other  factors 
in  city  planning  to  arrive  at  master  planning  that  will  accelerate  the 
elimination  of  poor  structures  in  an  orderly  manner  and  without  severe 
economic  distress.     A  splendid  example  of  progress  is  the  Yerba  Buena 
Center  that  will  replace  high-risk,  low-income  buildings  with  good  build- 
ings that  will  have  great  economic  value  to  the  city.     There  are,  of 
course,  many  other  examples  of  area  improvements  in  San  Francisco  and 
elsewhere. 


The  strengthening  or  demolition  of  specific  buildings  could  be  approached 
on  a  time/step  basis  wherein  certain  progressive  steps  are  taken  on  a 
time  schedule.     The  steps  would  begin  with  specific  investigations  of 
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suspect  buildings  which,  if  the  buildings  did  indeed  turn  out  to  be 
high-risk  cases,  would  lead  to  vacating,  strengthening,  or  razing  the 
buildings  as  may  be  indicated.    The  owner  would  be  given  certain  options 
and  time  periods  to  carry  them  out  so  as  to  reduce  the  economic  impact 
as  much  as  possible.     In  most  cases  this  procedure  would  lead  to  replace- 
ment by  better  buildings,  assuming  there  was  demand  for  building  space. 

An  example  outline  of  such  a  program  for  certain  private  buildings  follows. 
The  actual  program  would  require  detailed  study. 

Step  No.  I  tern 

1.  Qualified  engineers  investigate  on  a 
walk-through  basis  pre-code  type  C 
buildings  that  fall  in  the  severe 
damage  areas  of  Figure  A  and/or  are 
in  the  highest  residential  density 
blocks  of  Figure  B.    Categorize  these 
specific  buildings  into  seismic  risk 
classes  as  to  code  violations,  risk 
to  occupants,  and  structural  condition. 
Give  a  copy  of  the  findings  to  the  owner 
together  with  an  appropriate  first  notice 
of  his  options. 

2.  Give  those  buildings  that  were  deter- 
mined in  Step  No.   1  to  be  the  most 
hazardous  to  occupants  and  have  high 
occupant  density  a  detailed  investi- 
gation by  a  structural  engineer,  paid 
for  by  the  owner,  and  give  the  report 
to  the  owner  and  to  the  city.  Send 
an  appropriate  second  notice  to  the 
owner. 

3.  Require  those  buildings  determined 
in  Step  No.  2  to  constitute  serious 
safety  hazards  to  be  rehabilitated 
or  to  be  vacated  or  demolished. 


A  similar  program  could  be  carried  out  for  various  types  of  buildings  with 
the  following  suggested  priorities: 

1.  Pre-code  buildings  of  any  type  used  for  bloodbanks,  medical  and 
emergency  supply  storage,  hospitals,  ambulance  storage,  medical 
centers,  police  stations,  fi rehouses,  or  communication  or  emer- 
gency centers. 

-  93  - 


Time  Schedule 


To  be  completed  as 
soon  as  avai lable 
personnel  (building 
inspectors  or  consul- 
ting engineers)  per- 
mi  t . 


To  be  completed  with- 
in one  year  after 
first  notice  to  owner, 


To  be  completed  with- 
in five  years  of  second 
notice  to  owner. 


2.  Pre -code  type  C  buildings  used  as  retirement  homes,  convalescent 
homes,  orphanages,  schools,  nurseries,  or  jails. 

3.  Pre-code  type  C  buildings  of  high  living  unit  density  as  per 
Figure  B. 

k.     Pre-code  type  C  public  buildings  other  than  the  above,  especially 
those  with  meeting  rooms  or  places  of  assembly. 

5.  Pre-code  type  C  residential  buildings  other  than  the  above  as 
per  Figure  B  and  nonresidential  pre-code  type  C  buildings  of 
high  block  density  as  per  Figure  C. 

6.  All  other  buildings  in  severe  damage  areas  of  Figure  A. 

7.  Selected  buildings  in  heavy  damage  areas  of  Figure  A. 

Multi-unit  residential  buildings,  whether  public  or  private,  are  of 
particular  concern  because  of  their  high  occupancy  rate;  i.e.,  they  are 
used  by  people  more  hours  of  the  week  than  most  other  buildings.  The 
following  figures  are  occupancy  factors  (Blume,  1971)  defined  as  the 
average  ratio  of  the  total  person -occupancy  hours  per  year  to  the  product 
of  all  the  hours  in  a  year  times  the  person -capaci ty  of  the  building  in 
normal  use. 


Theatres,  churches,  arenas 

0.04 

Schools ,  col  leges 

0.20 

Offices,  shops,  factories 

0.25 

Wa rehouses 

0.25 

Hotels  (f i  rst  class) 

0.36 

Hospitals,  rest  homes,  asylums 

0.60 

Res  i  dences 

0.62 

Jai  1  s 

0.89 

Because  earthquakes  can  occur  at  any  time,  the  exposure  varies  with  the 
occupancy  factor  times  each  building  capacity.     Theatres,  churches,  and 
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arenas  have  a  low  average  occupancy  factor  but  high  capacity.  Resi- 
dential buildings  have  a  high  occupancy  factor  and,  if  multi-unit  and 
of  pre-code  construction,  especially  of  type  C,  they  also  have  a  high 
capacity  and  are  seriously  vulnerable  to  earthquakes.  They  should  be 
investigated  on  a  case-by-case  basis  if  their  occupancy  is  to  be  con- 
t  i  nued. 
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SUMMARY  AND  RECOMMENDATIONS 


San  Francisco  is  clearly  subject  to  major  earthquakes,  and  there  will 
be  considerable  damage  and  many  fatalities  when  these  major  earthquakes 
occur.     However,  buildings  in  San  Francisco  are  generally  more  resistant 
to  earthquake  motion,  and  there  are  lesser  geologic  hazards  than  in 
certain  other  countries  where  there  has  been  tremendous  loss  of  life 
from  earthquakes.     Some  San  Francisco  buildings  are  good  risks,  while 
others  are  not. 

By  no  means  did  all  of  the  San  Francisco  buildings  fail   in  1906.  Some 
25,000  of  them  are  still   in  use  in  spite  of  both  the  1906  earthquake 
and  the  fire.     However,  most  of  these  buildings  were  constructed  with 
heavier  nonstructural  materials  and  elements  than  contemporary  buildings. 
Although  they  would  not  be  able  to  meet  current  seismic  code  requirements, 
many  are,  in  a  random  way,  quite  strong  and  resistant.     In  general,  how- 
ever, buildings  built  before  the  first  San  Francisco  earthquake  code  of 
19^8  have  less  resistance  than  buildings  built  in  1948  or  later.  Some 
of  the  pre-code  buildings  built  after  the  1906  earthquake  and  before 
the  1948  code  are  considered  to  be  subject  to  severe  damage  with  some 
col  lapses . 

Areas  of  great  potential  damage  can  be  upgraded  with  the  aid  of  planning. 
High-risk  buildings  can  eventually  be  replaced  by  buildings  of  low  seis- 
mic risk,  hopefully  without  severe  economic  consequences.  Isolated 
cases  of  apparent  high  risk  can  be  strengthened  or  replaced  by  new 
structures.     Although  the  damage  level  estimates  shown  in  Figure  A 
for  a  great  earthquake  like  that  in  1906  should  be  generally  useful,  the 
map  is  based  on  statistical  analysis  and  should  be  supplemented  by 
structural  analysis  of  specific  buildings  of  interest;  these  buildings 
may  vary  considerably  from  the  statistical  models. 

There  is  no  known  indication  of  potential  fault  rupture  or  movement 
within  the  city  limits.     However,  the  active  San  Andreas  fault  lies 
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just  west  of  the  city  under  the  Pacific  Ocean.    This  fault  caused  the 
great  1906  earthquake  and  the  mild  1957  earthquake.     It  can  be  expected 
to  cause  other  earthquakes  at  any  time  or  times  in  the  future.  In 
addition,  San  Francisco  is  subject  to  shaking  from  disturbances  origin- 
ating on  the  Hayward  and  other  faults  east  of  the  bay.  Preparations 
should  be  made  for  one  or  more  damaging  earthquakes  before  the  year  2000. 

No  building  or  structure  should  be  designed  and  constructed  without  re- 
gard for  possible  geologic  hazards.     Although  most  of  these  hazards  can 
be  tolerated  or  designed  for  in  San  Francisco,  the  possibility  of  land- 
slides in  certain  portions  of  the  city  under  severe  earthquake  motion 
should  be  given  serious  attention. 

The  various  maps  in  the  report  can  be  used  to  aid  in  planning  the  future 
development  or  improvement  of  the  city.     Figures  A,  B,  and  C  can  also 
be  used  as  aids  in  reducing  existing  earthquake  hazards  with  a  time/step 
program,  as  outlined  in  the  report,  to  gradually  reduce  or  eliminate  the 
worst  building  hazards.     For  each  item  in  the  list  of  hazard  reduction 
priorities  presented  earlier,  a  total  period  of  about  six  years  is  sug- 
gested in  the  time/step  program  in  which  to  reduce  or  eliminate  the 
worst  hazards  to  life.     Hopefully,  several  priorities  could  be  handled 
concurrently  in  appropriate  steps. 

Figures  B  and  C  show  the  type  of  building  construction  that  has  earned 
a  poor  reputation  for  performance  in  strong  earthquakes.     This  is  type  C 
construction  built  prior  to  seismic  building  codes,  defined  herein  as 
buildings  built  before  1948  with  exterior  masonry  or  concrete  bearing 
walls  connected  by  wood  floors  and/or  a  wood  roof.     Figure  B  is  for 
living  unit  density  and  Figure  C  for  nonresidential  building  density. 
Although  some  of  these  buildings  may  be  found  to  be  quite  strong  under 
specific  analysis,  the  statistical   record  is  poor  and  the  buildings 
should  be  considered  suspect  until  shown  to  be  adequate. 

It  is  also  suggested  that  a  typical  San  Francisco  condition  could  be 
improved  at  minor  cost.     This  is  the  two-  or  three-story  building  that 
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consists  of  flats;  it  is  on  a  narrow  lot,  has  a  stairway  and  a  gen- 
erally open  garage  with  a  wide  garage  door.     In  those  buildings  that 
have  little  resistance  in  the  transverse  direction  of  the  lower  story, 
more  bracing  could  be  provided  in  the  form  of  walls,  partitions,  and/or 
knee  braces.     Typical  details  could  be  developed  for  general  use.  Many 
old  frame  buildings  have  had  garage  doors  cut  into  them  and  could  also 
be  braced  at  low  cost.     Such  frame  buildings  are  rated  in  the  study  as 
having  slight  damage  because  it  was  not  practical  to  isolate  them. 
They  could  be  quite  resistant  if  braced. 

The  city  should  be  continuously  interested  in  the  condition  and  earth- 
quake resistance  of  its  elevated  freeways  and  bridge  approaches  as  well 
as  its  own  bridges.     In  the  event  of  a  disaster  in  San  Francisco,  the 
use  of  the  freeways  and  bridges  would  be  vital   in  bringing  in  emergency 
supplies  and  personnel  and  in  transporting  the  injured  and  others  else- 
where.    Transportation  is  vital  after  a  major  earthquake  in  an  urban 
a  rea . 

The  utility  and  communication  lifelines  are  also  vital  after  a  major 
earthquake,  and  yet  they  will  be  disrupted.     Emergency  services  are 
even  more  vital.     The  survey  conducted  as  part  of  this  study  indicates 
that  not  all  controlling  agencies  are  fully  aware  of  their  basic  func- 
tions in  an  earthquake  disaster.     Hopefully,  this  survey  has  helped  to 
emphasize  this  aspect  of  the  earthquake  problem.     Several  companies  or 
agencies  have  not  studied  in  adequate  detail   the  impact  of  a  major 
earthquake  on  their  facilities  and  services,  nor  have  they  made  adequate 
contingency  plans,  especially  for  critical  emergency  services.  Fire 
drills  and  lifeboat  drills  may  become  boring,  costly,  or  both,  but  they 
are  essential  for  survival.     Each  agency  or  utility  should  have  its 
plans  and  its  drills,  and  some  of  them  should  also  pay  more  attention 
to  prevention  of  earthquake  damage  and  loss  of  service. 

The  San  Francisco  building  code  is  a  good  one  and,  in  fact,   it  is  better 
in  certain  respects  than  in  most  other  seismic  areas.     Like  any  code, 
it  needs  updating  from  time  to  time  as  new,  demonstrated,  and  acceptable 


-  98  - 


technologies  or  materials  are  developed.     However,  there  was  no  local 
seismic  code  (except  for  the  minimal  Riley  Act  of  1933)  before  19^8  and 
that  fact  is  obvious  throughout  this  report.     Building  codes  need 
enforcement,  and  that  requires  financial  support.     San  Francisco  could 
well  consider  increased  support  of  its  Department  of  City  Planning, 
Bureau  of  Building  Inspection,  and  other  agencies  concerned  with  earth- 
quake resistance,  utility  services,  and  emergency  support  for  earthquake 
di  sasters . 

Finally,  this  type  of  study  should  be  repeated  after  a  period  of  about 
10  years  to  account  for  the  changes  in  San  Francisco's  buildings,  new 
technology  and  state-of-the-art,  any  intervening  earthquakes,  and  to 
compare  San  Francisco's  earthquake  potential  at  that  time  with  its 
present  potential.     Hopefully,  much  progress  will  have  been  made.  San 
Francisco  is  not  "the  city  waiting  to  die"  --  it  is  active  in  preserving 
itself  for  the  future. 
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Technical  Information  on  Damage  Estimati 


APPENDIX  A 

TECHNICAL  INFORMATION  ON  DAMAGE  ESTIMATION 


Appendix  A  contains  information  that  supplements  the  damage  estimation 
procedures  and  assumptions  used  in  this  study.     Because  the  anonymity 
of  specific  buildings  is  to  be  preserved,  complete  details  and  data  on 
procedures  are  not  released. 

In  general,  the  procedure  followed  after  extensive  initial  investiga- 
tion was  to  develop  spectral  response  diagrams  for  various  parts  of 
San  Francisco,  with  allowances  for  deep,  soft  site  materials;  to  as- 
sign natural  periods  to  the  various  classes  of  buildings,  first  in  the 
undamaged  elastic  state  and  then  in  an  assumed  damaged  state  with  only 
the  structural  elements  providing  resistance;  to  select  spectral  accel- 
erations from  the  diagrams  based  on  these  periods;  and  finally  to  assess 
damage  based  on  the  estimated  resistance  to  these  spectral  accelerations. 
This  was  done  for  every  building  in  the  city  for  which  there  were  ade- 
quate data  in  the  Assessor's  records  except  for  type  F  and  S  buildings, 
which  were  considered  only  on  the  basis  of  peak  ground  acceleration. 

The  Ground  Motion 


Ground  motion  can  be  considered  in  various  ways.     It  is  often  evaluated 
by  its  peak  amplitude  in  terms  of  acceleration,  velocity,  or  displace- 
ment.    Sometimes  all  of  these  are  included  in  a  description.     From  the 
viewpoint  of  structural   response,  a  peak  amplitude  value  without  con- 
sideration of  the  frequency  content  and  duration  of  the  motion  gen- 
erally constitutes  an  inadequate  definition.     A  much  more  meaningful 
criterion  is  a  response  spectrum  made  from  the  entire  recorded  time 
history  of  the  ground  motion.     However,  no  strong  motion  records  were 
made  of  the  1906  San  Francisco  earthquake  or  for  decades  after  1906. 
Thus,  specific  knowledge  about  peak  motion  or  spectral  response  is  not 
available  for  the  1906  earthquake. 

In  the  period  since  1906  and  especially  in  recent  decades,  much  has 
been  learned  about  the  relationships  of  magnitude,  epicentral  distance, 
focal  depth,  soil  conditions,  ground  shaking  characteristics,  and  inten- 
sity. 
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Information  has  been  used  in  this  study,  together  with  the  excellent 
documentation  of  1906  earthquake  effects  by  Wood  ( 1 908)  ,  to  develop 
various  possible  acceleration  response  spectra  for  the  city  under  re- 
petition of  the  1906  earthquake.     Figure  3  of  "Part  I:     Geologic  Eval- 
uation" shows  the  relative  intensities  as  estimated  from  the  Wood  re- 
port, which  used,  five  intensity  levels,  A,  B,  C,  D,  and  E.    The  next 
step  was  to  assign  peak  acceleration  values  to  each  of  these  intensi- 
ties after  considerable  study  and  the  realization  that  unknown  fre- 
quency effects  and  soil  conditions  give  this  step  some  degree  of 
uncertainty.     However,  the  Wood  survey  was  a  painstaking  one  that 
attempted  to  evaluate  both  structural  and  geologic  effects.    The  values 
finally  assigned  for  use  in  this  investigation  are  as  follows: 


The  next  step  was  to  assign  dominant  ground  periods  over  the  city,  de- 
pending on  the  softness  and  the  depth  over  rock  of  soil  deposits  or 
fill  materials.     The  deep,  soft  materials  were  assigned  average  natural 
periods  as  long  as  2.3  seconds.    The  variations  over  the  city  were 
considerable,  especially  around  the  waterfront  and  where  there  had 
been  creeks  or  sloughs  in  years  past.     Altogether,  six  categories  of 
soil  conditions  were  assigned  which,  coupled  with  the  five  Wood  ratings, 
led  to  30  possible  response  spectra.     Some  of  these,  however,  did  not 
apply.     For  example,  only  a  very  small  corner  of  the  city  was  rated 
A  and  that  portion  does  not  have  all  six  site  period  situations.  The 
soils  were  divided  into  two  types,  artificial  fill  over  bay  marshlands 
and  medium-dense  sand.     These  types  were  then  subdivided  into  groups, 
depending  on  depth,  with  characteristic  site  periods  as  follows: 


Wood 
Ra  t  i  n  g 


Assumed  Peak 
Acceleration 


*g  represents  the  acceleration  of  gravity 
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Soi  1 

Depth 

(ft) 


15  Ft  of  Fill 
Over  Soft  Clay 

(sec)  


Med  i urn- Dense 
Sand 


(sec) 


100 


1.1  to  1.7 


0.6  to  1.0 


200 


300 


2.0  to  2.5 


1.5  to  2.3 


1.0  to  1.5 
].k  to  2.0 


The  above  values  correspond  to  those  published  in  the  Stuctural  En- 
gineers Association  of  Northern  California  News  (1973).     Soil  shal- 
lower than  that  listed  was  considered  to  be  provided  for  by  the  average 
response  spectra  used  in  the  study. 

Advantage  was  then  taken  of  an  intensive  study  made  on  spectral  shapes 
for  the  Atomic  Energy  Commission  (Blume,  Sharpe,  and  Dalai,  1973; 
Newmark,  Blume,  and  Kapur,  1973).     In  this  study,  the  shapes  of  response 
spectra  for  various  damping  ratios  and  for  various  probabilities  of 
occurence  were  developed  from  a  study  of  33  strong  motion  records.  The 
spectra  were  normalized  to  gravity  for  this  analysis.    The  data  were 
combined  statistically  and  idealized  into  smooth  spectral  curves  that 
are  now  AEC  standards.     For  this  San  Francisco  study,  5%  damping  was 
used  together  with  the  mean  values  of  spectral  shape  to  represent  re- 
sponse spectra  after  denormal ization  to  the  proper  peak  ground  accelera- 
tion.   The  curves  then  obtained  were  considered  valid  only  to  a  period  of 
0.50  seconds.     Beyond  0.50  seconds,  spectral  adjustments,  or  "humps,"  were 
provided  for  the  local  characteristic  site  periods  previously  discussed. 

The  resulting  spectral  curves  were  digitized,   identified  with  each 
block  in  San  Francisco,  and  used  as  input  for  the  computer  analysis. 
Again,  the  values  are  for  the  mean  condition  and  could  thus  vary  con- 
siderably, up  or  down,  from  the  mean.     It  was  not  feasible  in  this  pro- 
gram to  work  directly  with  probabilistic  variations. 

Building  Characteristics 

Buildings  were  treated  in  the  five  classes  provided  in  the  Assessor's 
records,  as  described  earlier  in  the  section  on  San  Francisco  building 
codes  and  building  types.     Types  A,  B,  and  C  were  analysed  on  a  sta- 
tistical basis  with  the  use  of  response  spectra  and  natural  periods, 
and  damage  for  types  S  and  F  was  obtained  with  reference  to  peak  ground 
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acceleration  and  assigned  damage  factors.    Types  A,  B,  and  C  were  also 
divided  into  two  groups,  those  built  before  1 948  and  those  built  in 
1948  or  later.    The  year  of  construction  was  available  for  each  build- 
ing in  the  Assessor's  records.     Although  there  have  been  many  changes 
and  improvements  in  code  requirements  over  the  years  since  1948,  such 
refinements  were  felt  to  be  beyond  the  needs  or  values  of  this  damage 
study,  which  does  not  include  specific  analysis  of  buildings.  The 
major  change  from  essentially  no  seismic  forces  to  comprehensive  lat- 
eral force  design  occurred  in  1948. 

The  natural  fundamental  periods  were  assigned  as  a  function  of  the  num- 
ber of  stories,  N,  as  follows: 


Initial  Fi  na 1 

Period  (sec)  Period  (sec) 

Pre-1948,  Type  A  bui  lding                     0.07N  0.17N 

Pre-1948,  Type  B  building                     0.06N  0.12N 

Pre-1948,  Type  C  building                     0.05N  0.09N 

1948  or  later,  Type  A  building             0.10N  0.18N 

19^8  or  later,  Type  B  building             0.08N  0.16N 

-    1948  or  later,  Type  C  building            0.05N  0.10N 


The  relative  damage  scale  for  a  given  spectral  acceleration,  for  both 
the  initial  stage  and  the  final  stage,  was  determined  only  after  exten- 
sive study  of  actual  earthquake  damage,  theory,  and  much  analysis.  It 
is  as  fol 1 ows : 


Pre-1948,  Type  A  building  1.67 

Pre-1948,  Type  B  building  2.34 

Pre-1948,  Type  C  building  3-00 

1948  or  later,  Type  A  building  1.00 

1948  or  later,  Type  B  building  1.16 

1948  or  later,  Type  C  building  1.34 
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Note  that  the  damage  per  se  varies  strongly  with  the  spectral  accelera- 
tion at  the  fundamental  period  of  the  building.    Therefore,  most  low 
buildings  with  shorter  periods  and  thus  greater  spectral  accelerations 
would  suffer  more  damage  (relative  to  the  taller  buildings)  than  the  re- 
lative scale  alone  would  suggest. 

These  relative  ratings  were  used  together  with  a  constant  and  a  power 
of  the  5%-damped  spectral  acceleration  corresponding  to  the  fundamental 
period  of  each  structure  to  estimate  damage  ratios  and  damage  levels 
for  block  averaging  and  plotting.     Buildings  of  very  large  base  area  were 
also  assigned  a  reduction  factor  because  of  their  better  experience  re- 
cord . 
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APPENDIX  B 

SAN  FRANCISCO  SEISMIC  RISK  SURVEY 
CENSUS  TRACT  DISTRIBUTION  OF  PRE-CODE  TYPE  C  BUILDINGS 
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1970 
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TABLE  1 

AWARENESS  OF  SEISMIC  HAZARDS 


Agency  has : 


Awareness  of  its  role  in  providing  vital 
services  following  earthquake  disaster 

Studied  the  impact  of  a  major  earthquake 
on  its  facilities  5        5  14 

Developed  predictions  of  probable  earth- 
quake damage  to  its  facilities  4       6  0  5 

Developed  contingency  plans  for  post- 
earthquake  operations  5        5  4  1 


Lifelines 
Yes  No 

10  0 


Emergency 
Servi  ces 

Yes  No 


5  0 
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TABLE  2 

SEISMIC  STATUS  OF  EXISTING  VITAL  FACILITIES 


Geologic  Hazards 

Agency  has  investigated  the  sites  of  its 
existing  vital  facilities  for  the  following: 


Lifelines 


Yes  No* 


Emergency 
Servi  ces 


Yes 


No 


Faulting,  ground  rupture 
Landslides 
Tsunami  or  seiche 
Liquefaction 

Motion-induced  ground  consolidation  or 
settlement 

Ground  consolidation  or  settlement  under 
static  conditions 

Ground  shaking 


Structural  Hazards 

Agency  has  investigated  existing  facilites, 
where  applicable,  for  the  following: 

Safety  of  pre-Riley  Act  (1933)  structures 

Deterioration  of  buildings  due  to  settlement 

Deterioration  of  buildings  due  to  age 

Safety  of  older  masonry  structures 

Adequacy  of  lateral  force  systems  under 
present  code  requirements 

Adequacy  of  lateral  force  systems  under  ration- 
al, as  compared  to  code,  seismic  criteria 


Lifelines 


Yes 

1 
2 
1 
1 


No 

5 
4 
6 

3 


Emergency 
Servi  ces 


Yes  No* 


No,  or  no  answer  given 
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TABLE  3 

PRESENT  SITING  AND  DESIGN 
PROCEDURES  FOR  VITAL  NEW  CONSTRUCTION 


Investigation  of  Geologic  Hazards 


Lifelines 


Yes 


Emergency 
Servi  ces 


Yes 


No 


Faulting,  ground  rupture 
Landslides 
Tsunami  or  seiche 
Liquefaction 

Motion -induced  ground  consolidation  or 
settlement 

Ground  consolidation  or  settlement  under 
static  conditions 

Ground  shaking 


8 
6 
5 
8 


Seismic  Design  Criteria 

S.  F.  Code 
S.  F.  Code  plus 
State  Code 
Dynamic  Analysis 


Lifelines 

4 

1 
3 
2 


Emergency 
Services 

4 
1 


Planning  for  Continued  Operations  Li  felines 

In  planning  new  facilities,  consideration  8-Yes 

is  given  to  post-disaster  maintenance  of  1-No 

vital  operations  1-No  Answer 


Emergency 
Services 

3-Yes 

2-No  Answer 
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APPENDIX  D 

Other  Investigation 
Francisco  Buildings 


APPENDIX  D 

DATA  FROM  OTHER  INVESTIGATIONS  OF  SAN  FRANCISCO  BUILDINGS 


There  have  been  various  estimates  of  damage  and  casualties  from  the 
next  big  earthquake,  including  a  movie,  called  "The  City  That  Waits 
To  Die."    Most  of  these  estimates  are  for  the  whole  San  Francisco 
Bay  Area  and  nearly  all  of  them  are  of  a  general  nature  without  de- 
tailed consideration.     Some  predictions  of'  losses  are  in  the  billions 
of  dollars  and  tens  of  thousands  of  lives.    All  estimates  have  recog- 
nized the  importance  of  the  downtown  population  density  at  the  time 
of  the  big  earthquake. 

Two  reports  have  included  specific  data  on  San  Francisco  buildings, 
one  for  the  Department  of  Housing  and  Urban  Development  (HUD)  and 
one  for  the  Office  of  Emergency  Preparedness  (OEP) ;  both  reports 
were  by  the  U.S.  Department  of  Commerce  (ESSA/HUD,  1969;  NOAA/OEP, 
1972).    The  data  that  follow  have  been  excerpted  from  these  works. 

The  Report  for  HUD 

The  U.S.  Department  of  Commerce  made  an  extensive  study  (ESSA/HUD, 
1969)  for  the  Department  of  Housing  and  Urban  Development  of  damage 
to  residential  wood-frame  buildings  having  not  more  than  four  living 
units.     Note  that  wood-frame  dwellings  are  generally  much  more  resis- 
tant to  earthquake  motion  than  other  types  of  buildings.    The  study 
involved  total  damage  to  all  affected  units  for  a  repetition  of  the 
1906  earthquake  and  of  the  1933  Long  Beach  earthquake.     Also  consi- 
dered were  probable  earthquakes  over  a  100-year  time  period  and  the 
resulting  cumulative  damage.     I960  census  data  and  census  tracts 
were  used,  with  costs  as  of  1968. 

Although  not  specifically  released  in  the  report,  estimated  data  for 
San  Francisco  were  obtained  through  the  courtesy  of  the  investigators, 
Dr.  S.  T.  Algermissen  and  Mr.  W.  Rinehart,  now  with  the  U.S.  Geologi- 
cal Survey  (USGS) .     Some  of  this  information  follows  in  these  figures 
for  damage  to  residential  wood-frame  buildings  for  a  repetition  of 
these  earthquakes. 
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Living  units  150,000 
Units  damaged  by  1906 

earthquake  repetition  126,000 

Value  of  risk  (1968)  $2,^50,000,000 

Dollar  loss  (1968)  $  119,000,000 

Percentage  damage  4.85% 
1906  Modified  Mercal 1 i 

(MM)   intensities  in  San  VII,  VIII,  and  IX 

Franc  i  sco 


For  the  entire  affected  area  rather  than  just  San  Francisco,  the  1906 
earthquake  repetition  in  1968  was  estimated  as  follows: 

Living  units  damaged  1,260,000 
Dollar  loss  (1968)  $1,160,000,000 

Average  damage  loss  from  the  ESSA/HUD  work  is  as  follows: 


Mod  i  f  i  ed 
Mercal 1 i 
Rat  i  ng 

Loss  Percentage 

V 

0.07% 

VI 

0.33% 

VII 

1 .36% 

VIII 

5-90% 

IX 

8.80% 

X 

88.50% 

Another  estimate  is  that  San  Francisco  would  suffer  a  total  of 
$31^,000,000  of  loss  to  the  same  wood-frame  residential  dwellings 
(1968  costs)  over  a  100-year  period  that  would  involve  several 
earthquakes.    Total  units  damaged  would  be  769,000  as  compared  to 
150,000  actual,   indicating  multiple  damages  in  the  100-year  period. 

The  extent  of  specific  damage  can  be  estimated  by  considering  the 
following  deductible  (insurance)  estimates: 
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Deductible  Amount 


Loss  in  100  Years 


$1000 


None 


250 


500 


100 


$  5^,800,000 
89,600,000 
150,000,000 
238,000,000 
315,000,000 
191 ,000,000 


The  Report  for  PEP 

Another  report  was  made  by  the  U.S.  Department  of  Commerce,  N0AA,  for 
the  Office  of  Emergency  Preparedness  (N0AA/0EP,  1972).    This  was  con- 
cerned with  earthquake  losses  in  the  San  Francisco  Bay  Area  with 
special  emphasis  on  estimating  damage  to  facilities  critically  pertin- 
ent to  disaster  relief  and  recovery.     For  this  study,  earthquake  shocks 
with  magnitudes  8.3,  7.0,  and  6.0  were  assumed  to  occur  on  the  San 
Andreas  fault  near  San  Francisco  and  also  on  the  Hayward  fault  near 
Haywa  rd . 

The  following  information  for  San  Francisco  only  is  taken  from  this 
report.     San  Francisco  in  1971  had  19  general  hospitals  with  a  total 
bed  capacity  of  8040,  1  military  hospital  with  900  beds,  1  mental  hos- 
pital with  105  beds,  and  1  VA  hospital  with  *»09  beds,  which  totals 
22  hospitals  with  9^5^  beds.     There  were  also  32  nursing  homes  with 
213^  beds.     In  1970,  San  Francisco  was  reported  to  have  3033  physicians 
and  surgeons,  1  OA  podiatrists,  k7  veterinarians,  and  5611  registered 
nurses . 

San  Francisco  is  shown  in  the  report  to  have  11  major  pre-1933  hospi- 
tals, 7  1933-1960  hospitals,  and  k  1960-1970  hospitals.     Of  these 
buildings,  6  are  one  to  four  stories  high  and  16  are  five  to  eight 
stories.    The  hospital  buildings  are  shown  as  13  of  concrete,  3  of 
steel,  3  of  brick,  and  3  of  mixed  construction. 

The  deaths  in  the  hospitals  are  estimated  to  be  555  if  the  8.3  magni- 
tude earthquake  occurs  nearby  on  the  San  Andreas  fault  at  2:00  p.m.  or 
^♦:30  p.m.  and  233  if  it  occurs  at  2:30  a.m.     If  the  8.3  magnitude 
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earthquake  were  on  the  Hayward  fault,  the  fatalities  are  estimated 
to  be  only  19  at  2:00  p.m.  or  4:30  p.m.  and  8  at  2:30  a.m.  This 
indicates,  as  would  be  expected,  that  the  San  Andreas  fault  is  much 
more  of  a  hazard  to  San  Francisco  than  the  Hayward  fault,  especially 
considering  the  fact  that  an  8.3  magnitude  earthquake  would  probably 
not  occur  on  the  Hayward  fault. 

The  injuries  in  hospitals  estimated  for  the  8.3  magnitude  earthquake 
nearby  on  the  San  Andreas  fault  occurring  at  2:00  p.m.  or  4:30  p.m. 
in  San  Francisco  is  2874.    This  figure  is  reduced  to  1208  if  the  same 
earthquake  occurs  at  2:30  a.m.     The  hypothetical  8.3  magnitude  earth- 
quake on  the  Hayward  fault  is  estimated  to  cause  272  injuries  and  114 
injuries  for  the  two  time  periods,  respectively. 

Hospital  bed  losses  in  San  Francisco  for  the  San  Andreas  fault  8.3 
magnitude  earthquake  are  5970,  and  404  for  the  same  size  earthquake 
on  the  Hayward  fault.    The  report  also  estimates  a  60%  to  70%  loss  of 
medical  supplies  from  an  8.3  magnitude  earthquake. 

San  Francisco  is  estimated  to  have  77  clinical  laboratories,  23  of  which 
are  in  hospitals.     Of  the  77,  35  are  pre-1933  construction,  10  are  1933" 
1950,  25  are  1950-1968,  and  7  are  post-1968.    The  functional   loss  of 
laboratories  in  nonhospital  locations  is  estimated  to  be  60%  in  San 
Francisco  and  San  Mateo  counties  from  the  8.3  San  Andreas  earthquake. 

Following  is  the  report  inventory  of  San  Francisco  multi-story  buildings. 

Floor  Area 
Number  of  (in  thousands  of 


Material 

Stories 

Bu  i 1 d  i  ngs 

square  feet) 

Concrete 

4-8 

627 

28,550 

Concrete 

9-13 

74 

5,949 

Concrete 

>13 

40 

9,361 

Steel  Frame 

4-8 

399 

19,932 

Steel  Frame 

9-13 

89 

10,800 

Steel  Frame 

>13 

62 

18,659 
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Brick  4-8  132  14,181 

Brick  9-13  1  58 

Brick  >13  0  0 

Mixed  Construction  4-8  129  4,224 

Mixed  Construction  9~ 1 3  1  79 

Mixed  Construction  >13   0  0 

1554 


For  nighttime  hours,  an  8.3  magnitude  earthquake  is  estimated  to 

cause  the  following  number  of  deaths  per  hundred  thousand  population  in 


1-  unit  wood  frame  dwellings  12 

2-  to-9-unit  modern  structures  18 
2-to-9~unit  older  structures  26 
1 0-or-more-un i t  modern  structures  64 
1 0-or-more-un i t  older  structures  500 


The  report  shows  16  federally  owned  buildings  including  post  offices 
in  San  Francisco,  7  of  which  have  emergency  power. 

The  report  shows  44  fire  stations  in  San  Francisco,  most  of  which  have 
been  built  or  strengthened  since  1950.     It  was  estimated  that  10  fire 
stations  would  receive  significant  earthquake  damage  or  be  affected  by 
neighboring  building  damage  with  an  8.3  magnitude  earthquake. 
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APPENDIX  E 

THE  INTENSITY  SCALE 
USED  BY  WOOD  FOR 
THE  1906  SAN  FRANCISCO  EARTHQUAKE 


A.  Very  Violent.     Comprised  the  rending  and  shearing  of  rock  masses, 
earth,  turf,  and  all  structures  along  the  line  of  faulting;  the 
fall  of  rock  from  mountain  sides;  numerous  landslips  of  great 
magnitude;  consistent,  deep,  and  extended  fissuring  in  natural 
earth;  some  structures  totally  destroyed. 

B.  V i ol ent .     Comprises  fairly  general  collapse  of  brick  and  frame 
buildings  when  not  unusually  strong;  serious  cracking  of  brick 
work  and  masonry  in  excellent  structures;  the  formation  of  fis- 
sures, step  faults,  sharp  compression  anticlines,  and  broad  wave- 
like folds  in  paved  and  as pha 1 t -coated  streets,  accompanied  by 
the  ragged  fissuring  of  asphalt,  the  destruction  of  foundation 
walls,  and  underpinning  structures  by  the  undulating  of  the 
ground;  the  breaking  of  sewers  and  water  mains;  the  lateral  dis- 
placement of  streets  and  the  compression,  distension,  and  lat- 
eral displacement  of  streets;  and  the  compression,  distension, 
and  lateral  waving  or  displacement  of  wel 1 -ba 1 1 asted  streetcar 

t  racks . 

C.  Very  Strong.     Comprises  brick  work  and  masonry  badly  cracked,  with 
occasional  collapse;  some  brick  and  masonry  gables  thrown  down; 
frame  buildings  lurched  or  listed  on  fair  or  weak  underpinning 
structures,  with  occasional  falling  from  underpinning  or  collapses; 
general  destruction  of  chimneys  and  of  masonry,  brick,  or  cement 
veneers;  considerable  cracking  or  crushing  of  foundation  walls. 

D.  St rong .     Comprises  general  but  not  universal  fall  of  chimneys; 
cracks  in  masonry  and  brick  work;  cracks  in  foundation  walls, 
retaining  walls,  and  curbing;  a  few  isolated  cases  of  lurching  or 
listing  of  frame  buildings  built  upon  weak  underpinning  structures. 

E.  Weak.      Comprises  occasional  fall  of  chimneys  and  damage  to 
plaster,  partitions,  plumbing,  and  the  like. 
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APPENDIX  F 


MODI F I  ED-MERC ALL  I   INTENSITY  SCALE  OF  1931 


I  Not   felt  by  people,  except  under  especially  favorable  circumstances.     However ,  dizziness  or  nausea  may  be  exper  i  enced . 

Somet  i  mes  b  i  rds  and  an  i  ma  I s  a  re  uneasy  or  disturbed.     T  rees  ,  structures,   liquids,  bod  ies  of  water  may  sway  gen  tly,  and  doors  may 
swi  ng  very  s 1 ow I y . 

II  Felt   indoors  by  a  few  people,  especially  on  upper  floors  of  multi-story  buildings,  and  by  sensitive  or  nervous  persons. 

As  in  Grade  I,  birds  and  animals  are  disturbed,  and  trees,  structures,   liquids  and  bodies  of  water  may  sway.  Hanging  objects  swing, 
especially  if  they  are  delicately  suspended. 

Ill  Fe 1 1   i n doors  by  several  people,  usually  as  a  rapid  vibration  that  may  not  be  recogn ized  as  an  earthquake  at  first.     Vibration  is 

similar  to  that  of  a  light,  or  lightly   loaded  trucks,  or  heavy  trucks  some  distance  away.     Duration  may  be  estimated   in  some  cases. 

Movements  may  be  appreciable  on  upper  levels  of  tall  structures.     Standing  motor  cars  may  rock  slightly. 

IV  Felt   indoors  by  many,  outdoors  by  few.     Awakens  a  few  individuals,  particularly  light  sleepers,  but  frightens  no  one  except  those 
apprehensive  from  previous  experience.     V i brat i on   1 i ke  that  due  to  passing  of  heavy,  or  heavily  loaded  trucks.     Sensation   like  a 
heavy  body  striking  building,  or  the  falling  of  heavy  objects  inside. 

Dishes,  windows  and  doors  rattle;  glassware  and  crockery  clink  and  clash.  Walls  and  house  frames  creak,  especially  if  intensity  is 
in  the  upper  range  of  this  grade.  Hanging  objects  often  swing.  Liquids  in  open  vessels  are  disturbed  slightly.  Stationary  auto- 
mobi  Ies  rock  noticeable. 

V  Felt   indoors  by  practically  everyone,  outdoors  by  most  people.     Direction  can  often  be  estimated  by  those  outdoors.     Awakens  many,  or 
most  sleepers.     Frightens  a  few  people,  with  slight  excitement;  some  persons  run  outdoors. 

Buildings  tremble  throughout.     Dishes  and  glassware  break  to  some  extent.     Windows  crack  in  some  cases,  but  not  generally.  Vases 
and  small  or  unstable  objects  overturn  in  many  instances,  and  a  few  fall.     Hanging  objects  and  doors  swing  generally  or  considerable. 
Pictures  knock  against  walls,  or  swing  out  of  place.     Doors  and  shutters  open  or  close  abruptly.     Pendulum  clocks  stop,  or  run  fast 
or  slow.     Small  objects  move,  and  furnishings  may  shift  to  a  slight  extent.    Small  amounts  of  liquids  spill   from  well-filled  open 
containers.     Trees  and  bushes  shake  slightly. 

VI  Fe 1 1  by  everyone ,   i  ndoors  and  outdoors .     Awakens  all  sleepers.     Frightens  many  people;  general  exct  temen  t  ,  and  some  pe  rsons  run  out- 

doors . 

Persons  move  unsteadily.  Trees  and  bushes  shake  slightly  to  moderately.     Liquids  are  set  in  strong  motion.     Small   bells   in  churches 

and  schools  ring.     Poorly  built  buildings  may  be  damaged.     Plaster  falls  in  small  amounts.    Other  plaster  cracks  somewhat.  Many 

dishes  and  glasses,  and  a  few  windows  break.     Knick-knacks,  books  and  pictures  fall.     Furniture  overturns  in  many  instances.  Heavy 
f urn  i  sh  i  ngs  move . 

VII  Frightens  everyone.     General  alarm,  and  everyone  runs  outdoors. 

People  find   it  difficult  to  stand.     Persons  driving  cars  notice  shaking.     Trees  and  bushes  shake  moderately  to  strongly.     Waves  form 
on  ponds,   lakes  and  streams.     Water  is  muddied.     Gravel  or  sand  stream  banks  cave  in.     Large  church  bells  ring.     Suspended  objects 
quiver.     Damage  is  negligible  in  buildings  of  good  design  and  construction;  slight  to  moderate     in  well-built  ordinary  buildings; 
considerable  in  poorly  built  or  badly  designed  buildings,  adobe  houses,  old  walls   (especially  where  laid  up  without  mortar),  spires, 
etc.     Plaster  and  some  stucco  fall.     Many  windows  and  some  furniture  break.     Loosened  brickwork  and  tiles  shake  down.     Weak  chimneys 
break  at  the  roofline.     Cornices  fall  from  towers  and  high  buildings.     Bricks  and  stones  are  dislodged.     Heavy  furniture  overturns. 
Concrete  irrigation  ditches  are  considerably  damaged. 

VIII  General  fright  and  alarm  approaches  panic. 

Persons  driving  cars  are  disturbed.     Trees  shake  strongly,  and  branches  and  trunks  break  off  (especially  palm  trees).     Sand  and 
mud  erupts  in  small  amounts.     Flow  of  springs  and  wells  is  temporarily  and  sometimes  permanently  changed.     Dry  wells  renew  flow. 
Temperatures  of  spring  and  well  waters  varies.     Damage  slight  in  brick  structures  buijt  especially  to  withstand  earthquakes;  con- 
siderable in  ordinary  substantial  buildings,  with  some  partial  collapse;  heavy  in  some  wooden  houses,  with  some  tumbling  down.  Panel 
walls  break  away  in  frame  structures.    Decayed  pilings  break  off.    Walls  fall.    Solid  stone  walls  crack  and  break  seriously.  Wet 
grounds  and  steep  slopes  crack  to  some  extent.     Chimneys,  columns,  monuments  and  factory  stacks  and  towers  twist  and  fall.  Very 
heavy  furniture  moves  conspicuously  or  overturns. 

IX  Pan  ic  is  general . 

Ground  cracks  conspicuously.     Damage  is  considerable  in  masonry  structures  built  especially  to  withstand  earthquakes;  great   in  other 
masonry  buildings  -  -  some  collapse  in   large  part.     Some  wood  frame  houses  built  especially  to  withstand  earthquakes  are  thrown  out 
of  plumb,  others  are  shifted  wholly  off  foundations.    Reservoirs  are  seriously  damaged  and  underground  pipes  sometimes  break. 

X  Pan  i  c  is  genera  I . 

Ground,  especially  when  loose  and  wet,  cracks  up  to  widths  of  several   inches;  fissures  up  to  a  yard  in  width  run  parallel  to  canal 
and  stream  banks.     Landsliding  is  considerable  from  river  banks  and  steep  coasts.     Sand  and  mud  shifts  horizontally  on  beaches  and 
flat  land.    Water  level  changes  in  wells.    Water  is  thrown  on  banks  of  canals,  lakes,  rivers,  etc.     Dams,  dikes,  embankments  are 
seriously  damaged.    Well-built  wooden  structures  and  bridges  are  severely  damaged,  and  some  collapse.     Dangerous  cracks  develop 
in  excellent  brick  walls.     Most  masonry  and  frame  structures,  and  their  foundations,  are  destroyed.     Railroad  rails  bend  slightly. 
Pipe  lines  buried  in  earth  tear  apart  or  are  crushed  endwise.     Open  cracks  and  broad  wavy  folds  open  in  cement  pavements  and  asphalt 
road  surfaces. 

XI  Panic  is  general. 

Disturbances   in  ground  are  many  and  widespread,  varying  with  the  ground  material.     Broad  fissures,  earth  slumps,  and  land  slips 
develop  in  soft,  wet  ground.     Water  charged  with  sand  and  mud  is  ejected  in   large  amounts.     Sea  waves  of  significant  magnitude  may 
develop.    Damage  is  severe  to  wood  frame  structures,  especially  near  shock  centers,  great  to  dams,  dikes  and  embankments,  even  at 
long  distances.     Few  if  any  masonry  structures  remain  standing.     Supporting  piers  or  pillars  of  large,  well-built  bridges  are  wrecked. 
Wooden  bridges  that  "give"  are  less  affected.      Railroad  rails  bend  greatly  and  some  thrust  endwise.     Pipe  lines  buried  in  earth  are 
put  completely  out  of  service. 

XII  Panic  is  general. 

Damage  is  total,  and  practically  all  works  of  construction  are  damaged  greatly  or  destroyed.    Disturbances  in  the  ground  arc  great 
and  varied,  and  numerous  shearing  cracks  develop.     Landslides,  rock  falls,  and  slumps  in  river  banks  are  numerous  and  extensive. 
Large  rock  masses  are  wrenched  loose  and  torn  off.    Fault  slips  develop  in  firm  rock,  and  horizontal  and  vertical  offset  displace- 
ments are  notable.     Water  channels,  both  surface  and  underground,  are  disturbed  and  modified  greatly.     Lakes  are  dammed,  new  water- 
falls are  produced,  rivers  are  deflected,  etc.     Surface  waves  are  seen  on  ground  surfaces.    Lines  of  sight  and  level  are  distorted. 
Objects  are  thrown  upward  into  the  air. 
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APPENDIX  H 


GLOSSARY 

Acceleration  --  The  rate  of  change  of  velocity. 

Base  Shear  --  A  shear  applied  to  the  base  of  a  building  in  design  or 
analysis  to  simulate  the  sum  of  the  lateral  forces  on  the  building. 

Base  Shear  Coefficient  —  The  ratio  of  the  base  shear  to  the  weight  of 
the  bui Id  i  ng. 

Damping  --   Internal  friction  or  resistance  in  a  material,  element,  or 
structure  that  absorbs  some  of  the  energy  causing  vibration  by  convert- 
ing it  to  hea t . 

Faul t        A  surface  or  zone  of  rock  fracture  along  which  there  has  been 
displacement  ranging  from  a  few  centimeters  to  a  few  kilometers  in 
scale. 

Focal  Depth  --  Depth  of  that  point  within  the  earth  that  is  the  center 
of  an  earthquake  and  the  origin  of  its  elastic  waves. 

Earthquake  Intensity  --  A  measure  of  the  effects  on  humans  and/or 
structures  of  an  earthquake  at  a  particular  place.     The  intensity  at 
any  point  depends  not  only  on  the  strength  of  the  earthquake  or  the 
earthquake  magnitude,  but  also  on  the  distance  from  the  earthquake  to 
the  epicenter  and  the  local  geology  at  the  point. 

Earthquake  Magnitude  --  A  measure  of  the  strength  of  an  earthquake  or 
the  strain  energy  released  by  it  as  determined  by  se  i  sinograph  i  c  observa- 
tions.    The  concept  was  introduced  by  the  seismologist  C.  F.  Richter, 
who  first  applied  it  to  southern  California  earthquakes.     For  that 
region,  he  defined  local  magnitude  as  the  logarithm,  to  the  base  10,  of 
the  amplitude  in  microns  of  the  largest  trace  deflection  that  would  be 
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observed  on  a  standard  torsion  seismograph  (static  magnification  = 
2800,  period  =  0.8  sec,  damping  constant  =  0.8)  at  a  distance  of 
100  km  from  the  epicenter.    Magnitudes  determined  at  teleseismic  dis- 
tances using  the  logarithm  of  the  amplitude-to-period  ratio  of  body 
waves  are  called  body-wave  magnitudes,  and  using  the  logarithm  of  the 
amplitude  of  20-sec  period,  surface  waves  are  called  surface-wave 
magnitudes.     The  local  body-wave  and  surface-wave  magnitudes  of  an 
earthquake  will  have  approximately  the  same  numerical  value. 

Lateral  Force  —  A  force  applied  laterally  to  a  building  in  design  or 
analysis  to  simulate  the  lateral  forces  of  earthquake  or  wind. 

Mean  Value  --  The  average  value  obtained  by  dividing  the  sum  of  two  or 
more  quantities  by  the  numbers  of  these  quantities. 

Modified  Mercalli    (MM)  Scale —  One  of  the  earthquake  intensity  scales; 
it  has  twelve  divisions  ranging  from  I  (not  felt  by  people)  to  XII 
(damage  nearly  total).     It  is  a  revision  of  the  Mercalli  scale  made  by 

Wood  and  Neumann  in  1931. 

Period  --  The  interval  of  time  necessary  for  a  regularly  recurring 
motion  to  make  a  complete  cycle. 

Response  Spectrum  --  A  plot  of  the  response  of  idealized  single-degree- 
of-freedom  systems  of  various  natural  periods  and  a  constant  damping 
value  to  a  time  history  (recorded)  of  earthquake  motion;  the  plot  may 
be  of  acceleration,  velocity,  or  displacement  against  period  or  fre- 
quency . 

Runup  --  The  rush  of  water  on  land  or  a  structure  upon  the  breaking  of 
a  wave.     The  amount  of  runup  is  the  vertical  height  above  still  water 
level   that  the  rush  of  water  reaches. 

Uniformity  Coefficient  —  A  numerical  expression  of  the  variety  in 
particle  sizes  in  mixed  natural  soils,  defined  as  the  ratio  of  the 
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sieve  size  through  which  &Q%  (by  weight)  of  the  material  passes  to  the 
sieve  size  that  allows  10%  of  the  material  to  pass.     It  is  unity  for  a 
material  whose  particles  are  all  of  the  same  size,  and  it  increases 
with  variety  in  size  (as  high  as  30%  for  heterogeneous  sand). 
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FIGURE  10 


INUNDATION  AREAS  DUE  TO  RESERVOIR  FAILURE 
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AREAS  OF  POTENTIAL  TSUNAMI  INUNDATION 
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AREAS  OF  MAJOR  POTENTIAL 
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ESTIMATED  INTENSITY  OF  FUTURE  GROUND  SHAKING 
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